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Quality and Reliability 
RAYACT-883A PROGRAM 


The Raytheon Acceptance Testing Program called Rayact-883A 
involves in-process inspections which assure compliance with 
MIL-STD-883A test methods and MIL-M-38510 Program Plan 
Requirements. 


Table 1 defines the Standard Process Flow for Raytheon 
Semiconductor's Military Level Integrated Circuits. After 
completion of the in-process inspections and 100% production 
screens, each lot is subjected to a quality conformance inspec- 
tion as defined in Table 2. The screening and acceptance 


APPLICABLE DOCUMENTS: 
Military: MIL-STD-883A 
MIL-M-38510 


Raytheon Semiconductor: 
Quality/Reliability Assurance Manual 


testing outlined in Tables 1 and 2 are provided at no extra cost. 


In addition to the Standard Process Flow and acceptance test- 
ing, Qualification Tests in accordance with MIL-STD-883A, 
Method 5005 are conducted every three months on each pro- 
duct line. Generic Summary Data of Groups A, B, and C 
testing (Table 3) is available upon request. 


The level of reliability you desire can be selected from Table 4. 
These tests are conducted in accordance with Method 5004 of 
MIL-STD-883A. 
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INSPECTION LTPD/MAX. ACC. NO. COMMENTS 


et Ts. 
+1250C 


7/2 
Fine Leak 
5/1 
7/1 
7/1 
5/1 
7/1 
7/1 


MIL-STD-883A, Method 1014, Condition A or B 
MIL-STD-883A, Mthod 1014, Condition C2 


Static Parameters 


Per Applicable Electrical Test Specification 


Electrical 
+1250C 
Package and Ship Quality Assurance Monitor I ed 


NOTE: 
Generic Qualification Data in accordance with MIL-STD-883A, Method 5005, can be supplied if negotiated prior to procurement. 


Dynamic Parameters 


Gross Leak 
sa50c | Ts 


Quality and Reliability 


Table 3A—Group A Electrical Tests—MIL-STD-883A 


| CLASS A sse | CLASSC 
tae ee | LTPD PD LTPD 
5 5 


Subgroup 1 5 
Static tests at 250C 
Subgroup 2 5 7 
Static tests at maximum rated operating temperature 
5 


Subgroup 3 
Static tests at minimum rated operating temperature 


Subgroup 4 
Dynamic tests at 25°C 


NOTE: 


The specific parameters to be included for tests in each subgroup shall be as specified in the applicable reliability specification. Where no parameters 
have been identified in a particular subgroup or test. within a subgroup, no group A testing shall be performed for that subgroup or test to satisfy 
group A requirements. 


Table 3B—Group B Tests, MIL-STD-883A, Method 5005 


TEST MIL-STD-883 CLASS A CLASS B CLASS C 
METHOD CONDITION LTPD LTPD LTPD 
Physical dimensions oie | —CidEC tSCiTsC tT 
Subgroup 2 Resistance to solvents 2015 3 devices 3 devices 3 devices 
(no failures) | (no failures) | (no failures) 


Visual and mechanical 2014 Criteria from design and 1 device 1 device 1 device 
construction requirements 
of applicable procurement 
document 


(no failures) | (no failures) | (no failures) 
Bond strenath Mi 
Ultrasonic or wedge Pl Test condition C or D 


Subgroup 3 Solderability * 2003 Soldering temperature of 15 15 
260°C +100 . 
Subgroup 4 Lead fatigue 2004 Test condition B2 

| Seal: Fine, Gross 1014 As applicable 


Quality and Reliability 


Table 3C— Group C Tests, MIL-STD-883A, Method 5005 


— MIL-STD-883A CLASS A | CLASS B | CLASS C 
METHOD CONDITION LTPD LTPD LTPD 


Subgroup 1 (Note 1) 


Test condition B as a minimum. 
Test condition C 


Thermal shock 
Temperature cycling 
Moisture resistance 
Seal 

a. Fine 

b. Gross (Note 7) 
Visual examination (Note 2) 
End point electrical parameters 


As applicable 


As specified in the applicable 
procurement document. 


Subgroup 2 (Note 1) 


Test condition B 
Test condition A 
Test condition E 
As applicable 


Mechanical shock 
Vibration, variable frequency 
Constant acceleration 
Seal 

a. Fine 

b. Gross (Note 7) 
Visual examination (Note 3) 
End point electrical parameters 


As specified in the applicable 
procurement document. 


Subgroup 3 


Salt atmosphere (Note 4) Test condition A 


Visual examination (Note 5) 


Subgroup 4 


Test condition C 
1000 hours. 

As specified in the applicable 
procurement document. 


High temperature storage (Note 6) 


End point electrical parameters 


Subgroup 5 


Operating life test (Note 6) Test condition to be specified 
in the applicable procurement 
document (1000 hours). 

As specified in the applicable 


procurement document. 


End point electrical parameters 


Subgroup 6 


Steady state reverse bias 


Test condition A, 72 hours at 
1500C. 


As specified in the applicable 
procurement document. 


End point electrical parameters 


NOTES: 


1. Devices used for environmental tests in subgroup 1 may be used for mechanical tests in subgroup 2. 

2. Visual examination shall be in accordance with method 1010 or 1011 at a magnification of 5X to 10X. 

3. Visual examination shall be performed at a magnification of 5X to 10X for evidence of defects of damage to case, leads, or seals resulting from 
testing (not fixturing) such damage shall consitute a failure. 

4. Electrical reject devices from the same inspection lot may be used for samples. 

5. Visual examination shall be performed in accordance with 3.3.1 of method 1009. 

6. See 40.4 of appendix B of MIL-M-38510. 

7. When fluorocarbon gross leak testing is utilized, test condition Co shall apply as minimum. 


xi 


Quality and Reliability 


Table 4— Optional Screening—MIL-STD-883A, Method 5004 
CLASS C 


SCREEN REQUIRE- REQUIRE- 
METHOD MENT METHOD MENT METHOD 
Internal visual (Precap) | 2010 100% 2010 100% 2010 
test condition A test condition B test condition B 


1008, 24 hrs. 


REQUIRE- 
MENT 


100% 


Stabilization bake 100% 100% 


100% 


Seal 
Fine, 
Gross 


100% 100% 


1008, 24 hrs. 100% 1008, 24 hrs. 
test condition C, test condition C, test condition C, 
150°0C 150°0C 150°C 

Temperature cycling 1010 100% 1010, 100% 1010, 
test condition C, test condition C, test condition C, 
-659C to +150°C -659C to +150°0C 
10 cycles 10 cycles 10 cycles 
Mechanical shock 2002** 100% | Notrequired | | Notrequired | 
test condition E test condition E test condition E 
Y2 plane, then Y 1 Y7 plane, Y1 plane, 
1014, 1014, 1014, 
Condition A Condition A Condition A 
Hermetic devices 
only 


Thermal shock 1011, Not required Not required 
test condition A, 
0°C-100°C 
15 cycles 
-65°9C to +150°C 

Constant Acceleration | 2001, 100% 2001, 100% 2001, 100% 
plane, 30,000 G’s 30,000 G’s 30,000 G's 
Condition C Condition C* Condition C 

Critical electrical . 100% Go-No-Go 

parameters 


Hermetic devices 
only 


ON cll 
Burn-in test 1015, 240 hrs. @ 100% 1015, 168 hrs. @ 100% Not required 
TA = 1250C* TA = 1250C* 


Hermetic devices 
only 


Not required 


Critical electrical * 100% Not required 
parameters 


Reverse bias burn-in 1015, 100% Not required Not required 
test condition A 
(subgroup 7, table 1, 
5005) 


or C, 72 hrs. @ 
Group A Testing Per Table 3A Per Table 3A Per Table 3A 


Final electrical test si 


Static tests 250C 100% 


Maximum and 
minimum rated 
operating temp. 


Dynamic tests and 
switching tests 259C 


Functional test 25°C 


100% 


— 
rm) ° © 
vo) 
3s 


150°C 
St 7073 100% 


Qualification or 5005 . 5005 5005 
quality conformance 
inspection . 
Groups B and C 
optional, at extra cost 


*Per applicable procurement document 
**Test Condition F one shock pulse in Y 3 plane only or five shock pulses at Condition B in Y 4 plane only. 


Xil 
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101A 201A 301A 


GENERAL DESCRIPTION 


The LM101A/LM201A and LM301A are general purpose, 
high performance operational amplifiers fabricated mono- 
lithically on a silicon chip by the planar epitaxial process. 
The units may be fully compensated with the addition of a 
30pF capacitor stabilizing the circuit for all feedback config- 
urations including capacitive loads. 


The device may be operated as a comparator with a differ- 
ential input as high as +30V. Used as a comparator the output 
can be clamped at any desired level to make it compatible with 
logic circuits. 


The LM101A operational amplifier will operate over the full 
military temperature range from —55°C to +125°C. The com- 
-mercial version, the LM301A operates over a temperature 
‘range from 0°C to +70°C. 


The LM201A is the same as the LM101A except its perform- 
ance is guaranteed from —25°C to +85°C. 


SCHEMATIC DIAGRAM 


Operational Amplifiers 


DESIGN FEATURES 


Offset Voltage 3mV Maximum Over Temperature | 
Input Current 100nA Maximum Over Temperature 
Offset Current 20nA Maximum Over Temperature 
Offsets Guaranteed Over Entire Common-Mode Range 
Frequency Compensation 30pF 

Supply Voltage +5V to +20V 


Continuous Short Circuit Protection 


COMP/BALO 


OCOMPENSATION 


a* Hull 


aan 


BALANCE O 


CONNECTION INFORMATION 


~ INPUT OUTPUT 
@ ® 


® 


TE Metal Can Package 
(Top View) 


NB Dual In-line 
Package 
(Top View) 


Order Part Nos.: 
LM101AH, LM201AH, 


LM301AH Order Part No.: 


LM301AN 
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Operational Amplifiers 101A 201A 301A 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 101A, 201A: £22V Operating Temperature Range 
301A: +18V -~550C to +1259C 
Power Dissipation (Note 1) -259C to +850C 


Differential Input Voltage .............000. +30V LM301A 09°C to +709C 
Input Voltage (Note 2) ........ 020. eee +15V Storage Temperature Range -659C to +150°C 
Output Short-Circuit Duration (Note 3) Indefinite Lead Temperature (Soldering, 60s) 


ELECTRICAL CHARACTERISTICS = Lm1014, LM201A: +5V < Vs < +20V; LM301A: +5 < Vs < +15V (Note 4) 


| MIN [TYP | MAX | MIN [| TYP [MAX | 
ror | 20] 


— 

eee 

15 

Ral | 1.8 | mA 
ane lel] [=pe| [vm 

7 | p10 | mv 

ae 


Average Temperature 
Coefficient of Input 
Offset Voltage 


Input Offset Current 


Average Temperature 
Coefficient of Input 
Offset Current 


250C < Tp < 1250C 
250C <Tp~ <700C 

-550C < Ta < 250C 
0°C < Tp < 250C 


Large Signal Voltage Vs =+15V, VOUT = +10V 
Gain RL 22k 


Output Voltage Swing Vs = +t15V, RL = 10 kQ +12 +14 
RL =2kQ +10 +13 
Input Voltage Range LM101A: Vs =+20V; +15 
LM301A: Vs = +15V ~ 
Common Mode 
Supply Voltage 


NOTES: 
1. For operating at elevated temperatures, the device must be derated based on +150°C for LM101A, +100°C for LM301A, maximum junction tem- 
perature and a thermal resistance of 150°C/W junction to ambient or 45°C/W junction to case. 
. For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage. 
Continuous short-circuit is allowed for case temperatures to +125°C and ambient temperatures to +70°C for LM101A, case temperatures to 
+70°C and ambient temperatures to +55°C for LM301A. 
. Specifications apply for temperature ranges: LM101A: —55°C to +125°C; LM201A: -25°C to +85°C; LM301A: O°C to +70°C. 


h WN 
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107 207 307 Operational Amplifiers 


GENERAL DESCRIPTION DESIGN FEATURES 


The LM107, LM207, and LM307 high-gain, general purpose 
operational amplifiers are monolithically constructed and 
internally compensated. The addition of a 30pF MOS capacitor 
guarantees unconditional stability eliminating the need for 
external frequency compensation. Input currents are a factor 
of ten lower than an industry standard device such as the 709, 
LM101, and 741. 


This series offers all the best features of the LM101. In addi- 
tion, the devices provide better accuracy and lower noise in 
high impedance circuitry. 


Offset Voltage 3mV Maximum Over Temperature 
Input Current 100nA Maximum Over Temperature 
Offset Current 20nA Maximum Over Temperature 
Offsets Guaranteed Over Entire Common-Mode Range 
Internal Frequency Compensation 

Supply Voltage +5V to +20V 

Continuous Short Circuit Protection 


The LM107 Operates over a temperature range of —55°C to 
+125°C. The LM307 operates from 0°C to +70°C. 


The LM207 is the same as the LM107 except its performance 
is guaranteed from —20°C to +85°C. 


SCHEMATIC DIAGRAM 


INPUTS 


-INPUT 


TE Metal Can Package 
(Top View) 


Order Part No.: 
LM107H, LM207H, LM307H 
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Operational Amplifiers 107 207 307 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 101A, 201A: £22V Operating Temperature Range . 
301A: +18V -~559C to +1250C 


Power Dissipation (Note 1) ~259C to +85°9C 


Differential Input Voltage 09°C to +709C 
Input Voltage (Note 2) Storage Temperature Range 
Output Short-Circuit Duration (Note 3) ini Lead Temperature (Soldering, 60s) 


ELECTRICAL CHARACTERISTICS = Lm101A, LM201A: +5V < Vs < #20V; LM301A: #5 < Vg < #15V (Note 4) 


LM107 LM307 (Note 5) 
PARAMETER CONDITIONS MIN] TYP MAX TYP UNITS 
Input vee Voltage TA = 250C, Rg S 50 kQQ 


=) 
NI 
NO 
ro) 


OW 
>) 
_ 
ol 


Large Signal Voltage TA = 25°C, ve = +15V 
Gain Vout = £10V, RL 22 kQ 
Input Offset Voltage Rs S50 kQ2 


Average Temperature 
Coefficient of Input 
Offset Voltage 


Input Offset Current 


Average Temperature 
Coefficient of Input 
Offset Current 


250C <Tp~ <1259C 
250C <T~ <700C 

-550C < Tp < 250C 
00C <Tpa <250C 


Large Signal Voltage Vs =t15V, Gaur = +10V 
Gain Ri 22 kQ 


Vs =+15V, RE = 10 kQ 
RE =2kQ 


Input Voltage Range Vs = £20V car 
Common Mode 
Supply Voltage 


NOTES: 
1. For operating at elevated temperatures, the device must be derated based on +150°C for LM107 or 100°C for LM307, maximum junction tem- 
perature and a thermal resistance of 150°C/W junction to ambient or 45°C/W junction to case. 
. For supply voitages less than +15V, the absolute maximum input voltage is equal to the supply voltage. 
Continuous short-circuit is allowed for case temperatures to +125°C and ambient temperatures to +70°C for LM107, case temperatures to 
+70°C and ambient temperatures to +55°C for LM307 
. These specifications apply for -55°9C < Ta < +1259C LM1 07, -25°C to + 85°C LM207, and 5 < Vs < +20V unless otherwise specified. 
. These specifications apply for OPC < Ta <+70°C and +5 < Vs< +15V for LM307. 
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108/108A 208/208A | 
308/308A Precision Operational Amplifiers 


GENERAL DESCRIPTION | DESIGN FEATURES 


The LM108A/LM108, LM208A/LM208 and LM308A/LM308 
are Super Beta operational amplifiers fabricated on single silicon 
chips using the planar epitaxial process. 

The LM108A/LM108 offer specifications an order of magni- 
tude better than FET amplifiers over a temperature range 
—55°C to +125°C. | | 
The LM208A/LM208 are identical to the LM108A/LM108 ex- 
cept their performance is guaranteed from —25°C to +85°C. 
The LM308A/LM308 provide lower input offset voltage of 
0.5mV maximum, and drift characteristics of 5.0uV/°C maxi- 


mum. These devices can be conpensated by the conventional 
technique used with the LM101/LM101A series. 


SCHEMATIC DIAGRAM 


Offset Voltage Over Temperature Range 0.5mV Maximum 
Input Current Over Temperature Range 3.0nA Maximum 
Offset Current Over Temperature Range 400pA Maximum 
Supply Current Only 300uUA 

Guaranteed Drift Characteristics 5.0uV/°C Maximum 
Supply Voltage +2V to +20V | 


COMPENSATION 
O O 


multiecee 


CONNECTION INFORMATION 


OUTPUT 
@) ® 


® 


TE Metal Can Package 
(Top View) 


Order Part Nos.: 
LM108AH, LM208AH, 
LM308AH, LM108H, 
LM208H, LM308H 
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108/108A 208/208A 
Precision Operational Amplifiers 308/308A 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage LM108A/LM108: +20V Operating Temperature Range 
| LM308A/LM308: +18V LM108A/LM 108 —§5°C to +125°C 
Power Dissipation (Note 1) 500mW LM208A/LM208 —25°C to +85°C 


Differential Input Current (Note 3) .......... +10mA LM308A/LM308 0°C to +70°C 
Input Voltage (Note 2) +15V Storage Temperature Range 
Output Short-Circuit Duration Lead Temperature (Soldering, 60s) 


ELECTRICAL CHARACTERISTICS (Notes 4 and 5) 


PARAMETER CONDITIONS 


Input Offset Voltage TA=25°9C 


Large Signal Voltage Gain TA=25°0C, Vs=+15V, 


Vout=t10V, RL210kQ 
Average Temperature Coefficient 
Large Signal Voltage Gain Vs=t15V, Voyt=t10V, 


Common Mode Rejection Ratio Pee oe te 
Supply Voltage Rejection Ratio ne: 


PARAMETER CONDITIONS soiled ai os UNITS 


input Offeet Voltage ——~=~S~*~wrPwPSSSSCSCSC~“~*‘*dCSC* 
input Offset Current” | Ta=a50c Sid 
Pinput Bias Current ——~—S~S~srQw2s!CSSSCSC*~C~dtCSCSCS* 
[Supply Current. ——~=S~r Tn 2wCGSSC~‘“‘CSC*dCOC*C*d;*~C 


Large Signal Voltage Gain Ta=250C, Vs=t15V, 300 


LM108A/LM208A LM308A 


ne) o|7 

oO < 
N| oO 
Ol|NIiO 


BE 
x< 


Ojal=/olnia 
OO alylo]s 


© 
ow 


NO 
ol 


aa N 8 
a © oO 


Vout=£10V, RL210kQ 
Average Temperature Coefficient 


Input Offset Current Leek eee ee eet 
TA= 


3.0 


Ss 
Nfofn 
. . . > 
2 
> 


oO; o 


a 
eal 
Average Temperature Coeffiecient 
= 
Lowes 
[Supply Current. «dT 


Large Signal Voltage Gain Vs=t15V, Voyt=t+10V, 5 
RL210kQ 


2 
Output Voltage Swing Vs=t15V, RL=10kQ 
Input Voltage Range Vs=t15V (213.5 [| 
Common Mode Rejection Ratio |__| 68 | 100 


Supply Voltage Rejection Ratio 
1. For operating at elevated temperatures, the device must be derated based on +150°C for LM108, +100°C for LM308 maximum junction tempera- 


NOTES: 
ture anda thermal resistance of 150°C/W junction to ambient or 45° C/W junction to case. 

. For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage. 

. The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage in 
excess of 1V is applied between the inputs unless some limiting resistance is used. : 

. These specifications apply for +5V < Vg < +20V and —55°C < Ta < +125°C, LM108A/LM108; +5V < Vg < +20V and —25°C < Ta < +85°C, 
LM208A/LM208. 

. These specifications apply for 5V < Vg < +15V and 0°C < Ta < +70°C, LM308A/LM308. 
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112 212 312 


Precision Operational Amplifiers | 


GENERAL DESCRIPTION 


The LM112, LM212, and LM312 are Super Beta operational 
amplifiers, each fabricated on a silicon chip by the planar 
epitaxial process. 


The LM112 offers specifications an order of magnitude better 
than FET amplifiers over a temperature range of —55°C to 
+125°C. The LM212 is the same as the LM112 except its per- 
formance is guaranteed from —25°C to +85°C. The LM312 is 
the commercial type which operates from 0°C to +70°C. 


In addition to internal compensation, external compensation 
may be added by means of a capacitor to increase stability. 
They also feature offset null adjustment by use of a single 
potentiometer. 


SCHEMATIC DIAGRAM 


BALANCE 
OO 


HET gt 
jas 


- 


INPUTS ‘ ay 
rare Dae 
ah 


CONNECTION INFORMATION 


DESIGN FEATURES 


@ Input Bias Current 3.0nA Maximum Over Temperature 
Range 


Offset Current Less Than 400pA Over Temperature Range 
Low Noise 
Guaranteed Drift Specifications 


Supply Voltage Range +2V to +20V With Typical Quiescent 
Current of Only 300uUA : 


COMPENSATION 


+ 


-INPUT OUTPUT 
@) ©) 


+ INPUT 


COMP 


TE Metal Can Package 
(Top View) 


Order Part Nos.: 
LM112H, LM212H 


LM312H 
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Precision Operational Amplifiers 112 212 312 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage LM112: +20V Operating Temperature Range 

LM312: +18V —55°C to +125°C 
Power Dissipation (Note 1) —25°C to +85°C 
Differential Input Current (Note 2) .......... +10mA 0°C to +70°C 
Input Voltage (Note 3) +15V Storage Temperature Range 
Output Short-Circuit Duration ini Lead Temperature (Soldering, 10s) 


aos [oa [| oa [10 [oa 
res [20 f [ts [70 [ a 
Tpit eines Ras aE eo 
[Supply Curent —ffanaee «dO | Of 8 | Oe | mm 


Large Signal Voltage Gain Ta = 25°C, Vs =1t15V, ) 50 | 300 f = | 25 | 00 | | vim 
a ae a aah ee 


oe a 2 
La 
a 


Vout = £10V, RL = 2 10kQ 


Average Temperature 
Coefficient of Input 
Offset Voltage 


Input Offset Current 


Average Temperature 
Coefficient of Input 
Offset Current 


 ccanievorenmanon Eien take 
Ses aces poe ee 


Large Signal Voltage Gain Vs = £15V, Vout = 1+10V V/mV 
Ry 2 10kQ 


aa 


Common-Mode Rejection 
Ratio 


NOTES: 


1. The maximum junction temperature of the LM112 is +150°C, and +85°C for the LM312. For operating at elevated temperatures, devices in the 
TO-5 package must be derated based on a thermal resistance of +150°C/W, junction to ambient, or +45°C/W, junction to case. 

2. The inputs are shunted with shunt diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage in excess 
of 1V is applied between the inputs unless some limiting resistance is used. 

3. For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage. 

4. These specifications apply for 45V < Vs < +20V and —55°C < Ty < +125°C for the LM112, unless otherwise specified, +5V < Vg < +20V and 
—25°C < Ty < +85°C for the LM212, +5V < Vg < + 15V and O°C < Ta < +70°C for the LM312, unless otherwise specified. 
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118 218 318 Precision High-Speed Operational Amplifiers 


GENERAL DESCRIPTION DESIGN FEATURES 


The LM118, LM218, and LM318 are precision operational 15MHz Small Signal Bandwidth 
amplifiers which offer fast slewing and wide bandwidth. They Guaranteed 50V/ps Slew Rate 
feature internal frequency compensation and ten times. the 

speed of general purpose amplifiers. Operates from +5V to 18V Supply 


External feedforward compensation may be used for an addi- Internal Frequency Compensation 


tional increase in speed. For inverting applications this will 
increase the slew rate to more than 100V/us and almost double 
the bandwidth. (Feedforward is not used for non-inverting or 
differential applications.) 


Input and Output Overload Protected 


Pin Compatible With General Purpose Op Amps 


Their high speed and fast settling time make them ideal devices 
for A/D converters, oscillators, active filters, sample-and-hold 
circuits, as well as general purpose amplifiers. 


The LM118 military version operates over a temperature range 
of —-55°C to +125°C. The LM218 is the same as the LM118 
except its performance is guaranteed from —25°C to +85 °C. 
The LM318 operates from 0°C to +70°C. 


SCHEMATIC DIAGRAM 


BAL/COMPS © 


-INPUT©¢ 


Ce 


me 


CONNECTION INFORMATION 


-INPUT OUTPUT 
@) © 
sinpurN_ © earicome3 
rc 
T (TO-5) Metal Can 
(Top View) 


Order Part Nos.: 
LM118H, LM218H, LM318H 
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Precision High-Speed Operational Amplifiers 118 218 318 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage Operating Temperature Range 
Power Dissipation (Note 1) ~559C to +1250C 
Differential Input Current (Note 2) .......... +10mA ~259C to +85°0C 


Input Voltage (Note 3) +15 O0°C to +709C 
Output Short-Circuit Duration Storage Temperature Range -659C to +1500C 
Lead Temperature (Soldering, 10s) 


ELECTRICAL CHARACTERISTICS (Note 4) 


[Tapa Ott Curent «Tana | 
3 


Large Signal Voltage Gain TA = 259C, Vg = +15V, 
VouT = £10V, RL 2 2k 


Small Signal Bandwidth TA = 250C, Vs = +15V we MHz Typ 
Slew Rate TA = 250C, Vs = +15V, Ay = 1, V/us Min 
Rs = 10kQ 


Supply Current TA = TMAX 7 ro, =| m Max. 


a 
Ri 2 2k 

a 

oe 


Output Voltage Swing Vs = +t15V, RE = 2kQ 
Common Mode Rejection Ratio 


NOTES: 


1. The maximum junction temperature of the LM118 is +150°C, and +85°C for the LM318. For operating at elevated temperatures, devices in the 
TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. 

2. The inputs are shunted with shunt diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage in excess 
of 1V is applied between the inputs unless some limiting resistance is used. 

3. For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage. 

4. These specifications apply for +5V < Vs < +18V and -55°C < Ta < +125°9C for the LM118; +15V < Vs < +18V and ~209C < Ta < +859C 
for the LM218; +5V < Vs < +15V and 0°C < Ta < +70°C for the LM318. Also, power supplies must be bypassed with 0.1 uF ceramic disc capacitors. 


TYPICAL APPLICATIONS 


Offset Balancing Fast Voltage Follower Compensation for Maximum Fast Sample and Hold Feedforward Compensation 
Setting+ Time for Greater Inverting 
Slew Rate+ 


5pF 10pF 


vt 5pF 
20% ie 
10K OUTPUT 
2 10K OUTPUT INPUT 


3 


2.5K 
tSlew and setting time to 0.1% BALANEE 


for a 10V step change is 800ns. = SAMPLE +Clew rate typically 150V/us = 
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124 224 324 | 
2902 > | ~ Quad Single-Supply Operational Amplifier 


GENERAL DESCRIPTION DESIGN FEATURES 


Large DC Voltage Gain 100 dB 

Compatible with All Forms of Logic 

Temperature Compensated | 

Wide Bandwidth at Unity Gain Frequency 1 MHz 
Large Output Voltage Swing: 0 Vpc to V* -1.5 Voc 
Input Common Mode Voltage Range Includes Ground 


Each of the devices in this series consists of four independent, 
high-gain, operational amplifiers that are designed for single- 
supply operation. Operation from split power supplies is also 
possible and the low power supply drain is independent of the 
magnitude of the power supply voltage. 


Used with a dual supply, the circuit will operate over a wide 
range of supply voltages. However, a large amount of crossover 
distortion may occur with loads to ground. An external cur- 
rent-sinking resistor to -Vcc will reduce crossover distortion. 
There is no crossover distortion problem in single supply oper- 
ation if the load is direct-coupled to ground. 


SCHEMATIC DIAGRAM 


OUTPUT 


CONNECTION INFORMATION 


OUTPUT 4 

) - INPUT 4 

+ INPUT 1 L_J + INPUT 4 
GROUND 

+ INPUT 3 


- INPUT 3 
OUTPUT 2 L_| OUTPUT 3 


DB and DC 
Dual In-Line Packages 
(Top View) 


Order Part Nos.: 
LM124D, LM224D, LM324D, LM2902D, 
LM224N, LM324N, LM2902N 
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124 224 324 
Quad Single-Supply Operational Amplifier 2902 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage, V* Output Short-Circuit to GND (Note 2) .... Continuous 
Differential Input Voltage 
LM124 Operating Temperature Range . LM324: O°C to + 70°C 
LM2902 LM224: -259C to +850C 


Input Voltage LM124: -559C to +1250C 

Power Dissipation (Note 1) LM2902: -40°C to +85°C 
Molded DIP LM324N, LM2902N: 570 mW Storage Temperature Range -~65°C to +1500C 
Cavity DIP . LM124D, LM224D & LM324D: 900 mW Lead Temperature (Soldering, 60s) 


ELECTRICAL CHARACTERISTICS (v+=+5 Vand Ta = 25°C unless otherwise noted) 


PARAMETER CONDITIONS 


Input Offset Current 
Input Bias Current (Note 3) 
Common Mode Range 
Large Signal Voltage Gain 
Output Voltage Swing 


Common Mode 
Rejection Ratio DC 


Power Supply 
Rejection Ratio D 


C 
f = 1kHZ to 20kHz 
Vint =+1V 
VIN7 = OV 20 


Output Sink Current Vol >1V 


NOTES 


1. For operating at high temperatures, the LM324 must be derated based on a +125°C maximum junction temperature and a thermal resistance of 
175°C/W which applies for the device soldered in a printed circuit board operating in a still air ambient. The LM224 and M124 can be derated 
based upon a +150°C maximum junction temperature. 


TYP 


oO 


p 


2 


2. Short circuits from the output to V~ can cause excessive heating and eventual destruction. The maximum output current is approximately 40mA 
independent of the magnitude of V+. At values of supply voltage in excess of +1 5VCC. continuous short-circuits can exceed the power dissipation 
ratings and cause eventual destruction. 


3. The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, indepedent of the state of the 
output so no loading change exists on the input lines. 


4. The input common-mode voitage on either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the 
common-mode voltage range is Vt—1.5V, but either or both inputs can go to +30V pc without damage. 


5. Vo = 1.4 Voc, Rs = 02 with V* from 5Vp¢ to 30Vp¢; and over the full input common-mode range (OVp¢ to V*-1.5V pc). 


6. The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of the 
output so no loading change exists on the input lines. 


7. Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This typically 
can be detected as this type of capacitive coupling increases at higher frequencies. 


PRAYTHEON | RAYTHEON COMPANY + SEMICONDUCTOR DIVISION +» 350 ELLIS STREET - MOUNTAIN VIEW, CALIFORNIA 


113. 


124 224 324 
2902 Quad Single-Supply Operational Amplifier 


ELECTRICAL CHARACTERISTICS V+ = +5Vpc and -55°C < Ta < +1250C, unless otherwise stated. With the 
LM224, all temperature specifications are limited to -250C < Ta < +859C 
and the LM324 temperature specifications are limited to0°C < Ta < +70°C. 


[input Offset Voltage | Notes) = | S| S| 7 | TT 
input Offset Gurrent | ten = ey | st 
oinmcim ee mo e  e | 
common Mode Range ~| v= s0v Nowa) | 0 | [vez | o | [v2] v 
Voltage Gain Side tov R=] 25 | «| ts | Tid (im 
Power voraseSwing | vFraovsmaaa tae ff tas | Y v 
CVFEBV,RL=TKO [| 6 | 2 | | 5s | [| mv 
Vine W.vFaisv | 70 | 20 | 

ae oe ae 


LM 2902 
ELECTRICAL CHARACTERISTICS (vt = +5Vpc and Ta = 25°C unless otherwise noted) 


AL = 2k0 


Common Mode Rejection Ratio 
Power Supply Rejection Ratio 


Amplifier-to-Amplifier Coupling} f=1kHz to 20kHz (Input Referred) 
Output Current Source VIN*t =+1Vpc, VIN7 = 90Vpc 20 


Output Current Sink VIN-=+1Vpc, Vint = 0Vpc 


324 TYPICAL APPLICATIONS 


“BI-QUAD” RC Active Bandpass Filter Bandpass Active Filter 


0.01uF 
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Precision Operational Amplifiers 


216/216A 
316/316A 


GENERAL DESCRIPTION 


The LM216A/LM216 and LM316A/LM316 are precision, high 
input impedance operational amplifiers ideally suited for appli- 
cations requiring extremely low input current errors. Super 
Beta transistors are used in a Darlington input stage to obtain 
input bias currents equal to high quality FET amplifiers. 


They are frequency compensated internally, and allow offset 
balancing with an external potentiometer. The MOS compen- 
sation capacitor is protected to prevent catastrophic failure 
due to overvoltage spikes on the supplies. 


The low current error of these amplifiers permits many designs 
previously impractical with monolithic devices. They can 
operate from 100MQ2 source resistances, introducing less error 
than general purpose amplifiers with 10k92 sources. Also inte- 


SCHEMATIC DIAGRAM 


BALANCE 
° e 


grators with worst-case drifts of less than 10uV/s and analog 
time delays in excess of one day can be made using capacitors 
no larger than 1uF. 


The LM216A/LM216 are specified for operation from —25°C 
to +85°C. The LM316A/LM316 operates over a range of O°C 
to +55°C. 


DESIGN FEATURES 

@ Guaranteed Bias Currents as Low as 50pA 
@ Maximum Offset Currents as Low as 15pA 
@ Operates from £3V to +20V Supplies 

@ Supply Current Only 300uUA 


COMPENSATIONt 


OUTPUT 


-INPUT OUTPUT 
@) ® 


+INPUT 


NOTE: Pin 4 connected to case. 


TE (TO-5) Metal Can 
(Top View) 
Order Part Nos.: 
LM216H, LM216AH, 
LM316H, LM316AH 
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216/216A | | aes 
316/316A | _ Precision Operational Amplifiers 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage | Operating Temperature Range 
Power Dissipation (Note 1) LM216A/216 7 -~25°9C to +850C 


Differential Input Current (Note 2) .......... +10mA LM316A/316 O9C to +55°9C 
Input Voltage (Note 3) +15V Storage Temperature Range 
Output Short-Circuit Duration ini Lead Temperature (Soldering, 10s) 


ELECTRICAL CHARACTERISTICS (Note 4) 
PARAMETER CONDITIONS LM216}LM216AjLM316|LM316A | UNITS 
mV 
pA 
So cee es 
pA 
es - ee ee 
GQ 


Large Signal Voltage Gain TA = 250C, Vg = t15V, VouT = t10V, 
Rv 2 10kQ2 


aA 
Input Offset Current 30 aes 


Input Bias Current 


‘Input Valisge Range Vs=+t15V 


NOTES: 


1. The maximum junction temperature of the LM216 and LM216A is 100°C, while that of the LM316 and LM316A is 70°C. For operating at ele- 
vated temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°9C/W, 
junction to case. 

2. The inputs are shunted with back -to- back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage in 
excess of 1V is applied between the inputs unless some limiting resistance is used. 

3. For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voitage. 

4. These specifications apply for +5V < Vg < +20V and -259C < Ty < 859°C, unless otherwise specified. With the LM316 and LM316A, however, all 
temperature specifications are limited to O°C < Ta < +709C. 
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709 
High-Gain Operational Amplifiers 709A 


GENERAL DESCRIPTION DESIGN FEATURES 

The RM709A/RM709 and RC709 are monolithic, high gain @ Low Input Offset Voltage +1.0mV Maximum 

DC operational amplifiers fabricated on a single silicon chip by © Low Temperature Drift of Input Offset Voltage +6uV/°C 
the planar process. Maximum 

These devices are designed for use in operational amplifier @ Low Temperature Drift of Input Offset Current 

signal processing, low level instrumentation, control systems (+25°C to +125°C) 0.3nA/°C Maximum 

and for the generation of special linear and non-linear transfer (-55°C to +25°C) 1.0nA/°C Maximum 

functions, 


ae @ Low Power Consumption 90mW Maximum 
The RM709A/RM709 operate over the full military tempera- 


ture range from —55°C to +125°C. The RC709 is the commer- 
cial device intended to operate over a temperature range of 
O°C to +70°C. 


SCHEMATIC DIAGRAM 


@ High Performance Open Loop Gain Characteristics 45k 
Typical 


INPUT 
COMPENSATION 


A B 


OUTPUT 


OUTPUT 
COMPENSATION 


CONNECTION INFORMATION 


INPUT COMP B 


OUTPUT 
COMP 


NOTE: Pin 4 connected to case. NOTE: Pin 7 connected to 
bottom of package. 


TE (TO-5) Metal Can Q Flat Package DC Dual In-line 
(Top View) (Top View) Package 
(Top View) 
Order Part Nos.: Order Part Nos.: Order Part Nos.: 
RM709AT, RM709T, RM709AQ, RM709Q RM709ADC, RM709DC, 


RC709T RC709DC 
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709 
709A | High-Gain Operational Amplifiers 


ABSOLUTE MAXIMUM RATINGS. 
Supply Voltage .. " d ceehee ee Ate gle Sch anes at he Sook 


Output Short-Circuit Duration (Ta = 25°C) . eee 


Differential Input Voltage ............0000 0 +5V Storage Temperature Range ....... ~65°C to +150°C 

Input Voltage 2... ee ns +10V Operating Temperature Range 

Power Dissipation (Note) RM709/709A ........0000 eee -55°C to +125°C 
Dual In-line Package ......... 00000 aee 300mW ROO. ice sowie ay' sue died ies ews pt es a tah 0°C to +70°C 


TO-5 Package ...............2++24+,+. 300mMW Lead Temperature (Soldering, 60s) .......... 300°C 


Plat Package: ia 6.4.0 eo ag See Sone ee ENG 
RM709A RM709 RC709 
PARAMETER CONDITIONS MIN TYP MAX|MIN TYP MAX|MIN TYP MAX 
Rs 


Cc 
aa 
=f 
” 


o 
NO 
—_— 
© 
— 
(a) 
Nad 
oO 
»~ 
© 
es 
or 
=, 
< 


[2075 
Pinput Offset Current | SSCSC~—SCS 180 | 28100 100500] nd 
input Bias Current [| —~—SSS*d 100200 180300] 3001500] nA 
input Resistance «(| —SC—~—~SS S700 ——*d'DBO400——«dG--25O——«dSCKD | 
[Output Resistance «dt SSCSCSC—~—SSSStc Sd td CYC 
Supply Current | gz tev | 23 a0] 26 a0 [ma 
Transient Response PAL =2kQ,Vg=H1eVVIN=2Omv] TCC 


pee = : SOLE aoc Ee 0.3 1.0 0.3 1.0 0.3 1.0] us 
Overshoot sCL<100pF CC 80 | 10-80 | 10S 80 || % 
Slew Rate Vg=#15V, RL210kQ,Ay=1 [0.2 04 [0.15 04 | 04 | Vins | 
Vs=#15V, RL=2k,VouT=#10V_ | TB KV 


A C for RC 
Large Signal Voltage Gain Vs=1t15V, RL 2 2k, VoUT=110V | 25 45 70 | 25 


=#15V, Ri > 2k, VouT=+ 45 70 [12 KV/V 
Pinput Offset Voltage | AS<10K2 CTC] SSO] CO mv 
ee ee ee ee 
| 30 250 
2000| nA | 
Average Temperature of Coef- | Rg=502,TA=25°CtoTa=max | 1.0 60] 18 10 | 
ficient of Input Offset Voltage] Rg= 509, Ta=25CtoTasmin | 10 60] 18 10 [|v p0c 
AS= 10k, TA=25TtoTA=mex | 16 90[ 20 18, 
3016] 6015] 
poadnnee ala Ak a A 1 ET FF 
ficient of Input Offset Current] Ta=+25 Ctomin | 2 OP 
Output Voltage Swing 
Common Mode Rejection Ratio Rs < 10kQ 70 90 165 90 | aB | 
Supply Current PWS 215V, 7 A= ta 2 20 | 
cena (sree eee Re RENEE ae 
Power Consumpstion aes eee 
pew eeewe hee —— Pe 


NOTE: 


Derate linearly the maximum power dissipation of the dual in-line package at 8.6mW/°C for ambient temperature above +115°C, of the TO-5 package 
at 5.6mW/'C for ambient temperature above +95°C and of the flat package at 5.4mW/°C for ambient temperature above +103°C. For RC709, rating 
applies for case temperatures to +70°C. 
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Instrumentation Operational Amplifiers 725 


GENERAL DESCRIPTION 


The RM725 and RC725 are high performance, high gain oper- 
ational amplifiers on a silicon planar epitaxial processed chip. 


The RM725 military version operates over full temperature 
range from —55°C to +125°C. The commercial RC725 operates 
from 0°C to +70°C. 


The RM725 and RC725 offer offset null capability, very high 
voltage gain and low power consumption over a wide power 
supply voltage range. They- are used for all instrumentation 
applications requiring precise, low level signal amplification, 
low noise, low drift and accurate closed loop gain. 


SCHEMATIC DIAGRAM 


oO 
100k 
BALANCE 


DESIGN FEATURES 


Low Input Noise Current 0.15pA// Hz 
High Open Loop Gain 3,000,000 

Low Input Offset Current 2nA 

Low Input Voltage Drift 0.6uV/°C 

High Common-Mode Rejection 120dB 
High Input Voltage Range +14V 

Wide Power Supply Range +3V to +22V 
Offset Null Capability 


Note: Pin 4 connected to case 
TE Metal Can Package 


(Top View) 


Order Part Nos.: 


RM725T, RC725T 
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725 | Instrumentat ion Operational Amplifiers 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage Storage Temperature Range —65°C to +150°C 
Internal Power Dissipation (Note 1) Operating Temperature Range ‘ . 
Differential Input Voltage (Note 2) -55 Cto+125 C 


Input Voltage (Note 3) 0°C to +70°C 
Voltage Between Offset Null and Vt . 


. RM725 
PARAMETER CONDITIONS ) 


RC725 


UNITS 


ae a oe a 
seerstim ns [ws<rn | | os [ro | | oe | 28 | ov 
external trim) 

Finput Offset Current ——=SSs«TSSSC*~“‘*é‘iSSC*“‘<@L OC OC SC«dSC CO 

input BiasCurrent ——S«dY=SSSCSCS~—~‘iSC<CS~*~iSCSS*df tO SC*dYC (2 | 

input Noise Voltage font | iis |S] 
fo=t00Hz | ‘| 90 | | | 90 | _|nWhe 
fo=tkhe |_| so [|_| 80 [| 

Input Noise Current fo=toHz | -+i| 10 | | -+| 10 | 
o=toonz | | 03 | | | 03 | _|pAWHe 
fo=tkhe | +f ore | | | oe | 

input Resistance tee ee ee ee 
ey ee ae ee ee ee ee ee 
Siem mm] [anne man) | 
out™= 
PRs<10kQ_ | 110, ||_ 120, | | | 120 | BCT 
PRg<10KQ_ | | 2 | 0 | | 88 
PRuztoKD = | #12 | 4135 | | 12 | 41385 || y 
PRL>2kQ | 10 | 4135 || t10 | 413.5 | 
ae fetta foe (OO cles Me ells WOO le es 

[Power Consumption —+| ‘|_| 80 | vos] | 80 | 160 | mw 


The following specifications apply for -559C < Ta < +125°C for RM725; 09°C < Typ 


Input Offset Voltage (without Rs < 10k 

external trim) 

Average Input Offset Voltage Drift Rs = 502 

(without external trim) 

Input Offset Current TA=1259C;700C an ae oe 
Ta=-s50co0c | —SCi«dYCS 


IN 


+70°9C for RC725. 


yuV/0C 


pV/9C 


~J | <= 
O1j) NO 


NO So 
© Oo Oo © 


(with external trim) 
[Average Input Offset Current | C35 
Input Bias Current TA=1259C;700C 
Large Signal Voltage Gain T A=125°C;709C 
ese Ergesseeiec | 250000 


2.0 
35 
20 
80 
a 
eae! 
Rg<10k2Q_ | 100 | 
eed 
eee 


0 A/OC 


S 


NO = Ww W 
tc ue) 
5 3 


NO 
—_ 


25,000 
25,000 


od 


Power Supply Rejection Ratio Rs S 10kQ2 ae 
Output Voltage Swing 


NOTES: | ae 


1. Rating applies for case temperature to +125°C; derate linearly at 6.5 mW/°C for ambient temperature above +75°C. 
2. Rating applies for 5 ms pulses with 10% duty cycle, derate to +5V for continuous operation. 
3. For supply voltages less than +22V, the absolute maximum input voltage is equal to the supply voltage. 
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Operational Amplifiers 


741 


GENERAL DESCRIPTION 


The RM741 and RC741 integrated circuits are high perform- 
ance, high gain internally compensated monolithic operational 
amplifiers fabricated on a single silicon chip using the planar 
epitaxial process. 


High common-mode voltage range and absence of latch-up 
tendencies make the RM741 and RC741 ideal for use as a 
voltage follower. High gain and wide ranges of operating volt- 
ages provide superior performance in integrator, summary 
amplifier and general feedback applications. 

Both RM741 and RC741 are pin compatible with the RM709, 
RM101 and the LH101. The military version, RM741 operates 
over a temperature range from —55°C to +125°C. The com- 
mercial version RC741 operates from 0°C to +70°C. 


SCHEMATIC DIAGRAM 


DESIGN FEATURES 


Supply Voltage 22V RM741, +18V RC741 

Offset Voltage Null Capability 

Continuous Short-Circuit Protection 

No Frequency Compensation Required 

No Latch-up 

Large Common-Mode and Differential Voltage Ranges 


Low Power Consumption 


a eae 


CONNECTION INFORMATION 


TE Metal Can Package 
(Top View) Flat Package 
(Top View) 


Order Part Nos.: 
RM741T, RC741T Order Part No.: 
RM741Q0 


D and DB 
Dual In-line Dual In-line 
Packages Package 
(Top View) (Top View) 
Order Part Nos.: Order Part No.: 
RM741D, RC741D, RC741DN 
RC741DB 
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741 Operational Amplifiers 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage RM741: +22V Operating Temperature Range 
_ ~ RC741: +18V ~. eee. ~B50C to +1250C © 
Internal Power Dissipation (Note 1) 0°C to +70°C 


Differential Input Voltage ..............-.- +30V Lead Temperature (Soldering, 60s) 300°C 
Input Voltage (Note 2) ........ Se ee er +15V Output Short-Circuit Duration (Note 3). Indefinite 
Storage Temperature Range -65°9C to +1509C | | 


| ELECTRICAL CHARACTERISTICS (Vs = £15V, Ta = 25°C unless otherwise specified) 


PARAMETER CONDITIONS 
Input Offset Voltage | RgS10kQ 


> 
x 


eee | 

| Input Offset Current fT |} 200 | 
| Input BiasCurent =| | 500 | | 
| Input Resistance fs 8 ae re 
50,000|200,000] | 20,000 | 
a 

a 


Output Voltage Swing Re 2 10kQ +12 
Ry 2 2kQ +10 


[Power Consumption | 


Transient Response (unity gain) Vin = 20mV, RL = 2kQ, 
CL S 100pF 


15 


Risetime 
Overshoot 


The following specifications apply for -559C < Tax +125°9C for RM741; 0°C < Ta < +70°C for RC741. 
or 
[iopue Bios urene PSS Sid 

[25,000] 
aad 


oo Ww 
OW © 


~ 


Large-Signal Voltage Gain RL 2kQ, Vout =£10V | 25,000 


NOTES: 


1. Rating applies for case temperatures to +125°C; derate linearly at 6.5 mW/°C for ambient temperatures above +75°C for RM741. 
2. For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage. 
3. Short-circuit may be to ground or either supply. Rating applies to +125°C case temperature or +75°C ambient temperature for RM741, 
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Dual General Purpose Operational Amplifier 747 


GENERAL DESCRIPTION 


The RM747 and RC747 integrated circuits are high gain opera- 
tional amplifiers internally compensated and constructed on a 
single silicon chip using the planar epitaxial process. 


The military version, RM747, operates over a temperature range 
from -55°C to +1259C. The commercial version, RC747, oper- 
ates from O0°C to +70°C. 


Combining all of the outstanding features of the 741 with the 
close parameter matching and tracking of a dual device on a 
monolithic chip results in unique performance characteristics. 
Excellent channel separation allows the use of the dual device 
in all single 741 operational amplifier applications providing 
the highest possible packaging density. It is especially well 
suited for applications in differential-in, differential-out as well 
as in potentiometric amplifiers and where gain and phase 
matched channels are mandatory. 


SCHEMATIC DIAGRAM 


BALANCE 


CONNECTION INFORMATION 


TE Metal Can Package 
(Top View) 


Order Part Nos.: 
RM747T, RC747T 


alee 


DESIGN FEATURES 


Supply Voltage +22 V for RM747 
+18 V for RC747 
Continuous Short-Circuit Protection 
No Frequency Compensation Required 
No Latch-Up 
Large Common-Mode and Differential Voltage Ranges 
Low Power Consumption 
Parameter Tracking Over Temperature Range 
Gain and Phase Match Between Amplifiers 


BALB{E_| | Ff OUTPUT B 
+INPUT BL_| | oT V+B 
-INPUT B LJ | J BAL B 

DB and DC 
Dual In-line Packages 
(Top View) 


Order Part Nos.: 
RM747DC, RC747DC 
RC747DB 
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747 Dual General Purpose Operational Amplifier 
ABSOLUTE MAXIMUM RATINGS | 


Supply Voltage .. sap eelG ee eet eee RM747: +22 V Storage Temperature Range ........ -65°C to +150°C 

RC747: +18 V Operating Temperature Range . RM747: -559C to +1259C 
Internal Power Dissipation (Note 1) ........ 500 mW RC747: 0°C to +70°C 
Differential Input Voltage ..............206.4 +30 V Lead Temperature (Soldering, 60s) .......... 300°C 
Input Voltage (Note 2) .......... 0.2. eee eee +15 V Output Short-Circuit Duration (Note 3) ..... Indefinite 


ELECTRICAL CHARACTERISTICS (Vcc = #15V, Ta = 25°C unless otherwise noted) 


ONDITIONS slink et UNITS 
PARAMETER CONDIT typ | max | min | TYP | MAX 
10 | 50 | | 20 | 60 | mv _| 
| Input Offset Current 


| 40 

ias Cur 

: 

Large-Signal Voltage Gain Re 22kQ 

| 214 

| #13 

| #13 

| 90 | 

30. | 

| 100 


V/V 


Tso [a3] [| v__ 
a 
ee 


—_— 
a 
ra 
Ho] 
aigiiVolawemp, 
[common Mode Rejection Ratio | Ag<ioK@ [70 
[Supply Voltage Rejection Ratio | RS<10K@ |_| a0 
E 


Output Voltage Swing RE > 10 kQ +12 
RL 22kQ +10 
SS1 


Power Consumption a, 


Transient Response Vin = 20 mV 
(unity gain) RE =2kQ 


CL < 100 pF 


Risetime 


Overshoot 5.0 


Channel Separation _ f = 10 kHz 
Rs =1kQ 
f = 10 kHz 
Rg =1kQ 

The following specifications apply for -559C < Ta <+1259C for RM747; 09°C < Ta <+70°C for RC747. 
input Offset Current 
[input Bigs Currents 


Large-Signal Voltage Gain RL 22kQ 
Vout = +10V 25,000 
+10 
70 


(open loop) 
(Gain = 100) 


oo 
Oo WwW 
se F 


~S 
) 
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a 


5 
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n 


25,000 
+10 +13 
0 


V/V 


NO CO;1ad|~n 
© O};O]; 
=) oO1o/;/o 


+13 


Ss 


“70 — se eee ae 
| Supply Voltage Rejection Ratio | Rs<10k2 | | 30 iso | | 80 
Power Consumption | Vs = +t15V 
TA =+1250C mW 
[Tas -650c [| 120 | 200 | | 120 


NOTES: 


1. Rating applies for case temperatures to +125°C; derate linearly at 6.5 mW/°C for ambient temperatures above +75°C for RM747. 
2. For supply voltages less than +15V the absolute maximum input voltage is equal to the supply voltage. 
3. Short-circuit may be to ground or either supply. Rating applies to +125°C case temperature or +75°C ambient temperature for RC747. 
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Operational Amplifiers 


aN a TT Eh he a Pat ES al LER LAW ach eS NEG OE SE AES eee ELT 
DESIGN FEATURES 


GENERAL DESCRIPTION 


The RM748 and RC748 integrated circuits are high perform- 
ance, high gain internally compensated monolithic operational 
amplifiers fabricated on a single silicon chip using the planar 
epitaxial process. 

High common-mode voltage range and absence of latch-up 
tendencies make the RM748 and RC748 ideal for use as a 
voltage follower. High gain and wide ranges of operating volt- 
ages provide superior performance in integrator, summary 
amplifier and general feedback applications. Unity gain com- 
pensation is achieved by means of a single 30pF capacitor. 
Both RM748 and RC748 are pin compatible with the RM709, 
LM101 and RM4101. The military version, RM748 operates 
over a temperature range from —55°C to +125°C while the 
commercial version RC748 operates from O° to +70°C. 


SCHEMATIC DIAGRAM (Each Side) 


INPUTS 
+O 


COMP/BAL © 
BALANCE © 


OUTPUT 


Note: Pin 4 connected to case 


TE Metal Can Package 
(Top View) 


Order Part Nos.: 
RM748T, RC748T 


748 


Supply Voltage +22V RM748, +18V RC748 

Offset Voltage Null Capability 

Continuous Short-Circuit Protection 

No Latch-up 

Large Common-Mode and Differential Voltage Ranges 


Low Power Consumption 


a a 


COMP/BAL |__| 


Dual In-line 
Packages 
(Top View) 


Order Part No.: 
RC748NB 
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748 Operational Amplifiers 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage RM748: +22V Operating Temperature Range 

RC748: +18V ~55°9C to +1250C 
Internal Power Dissipation (Note 1) 0°C to +700C 
Differential Input Voltage .............000% +30V Lead Temperature (Soldering, 60s) 300°C 


Input Voltage (Note 2) . 2... 2.2... ce eee eee +15V Output Short-Circuit Duration (Note 3) 
Storage Temperature Range ~659C to +150°0C 


CONDITIONS 


PARAMETER 


“a 
I 
o 
x 
re) 


Supply Voltage Rejection Ratio R 


| PARAMETER MINT TYP [MAX [MIN] TYP [MAX 

Tom oreivorwn ——iasema | [10 | so] [20 | oo | wv 
Finpur OFeetGurene id SSSC*dSS*dt af 20 | «0 00] 
TreoutBiesuvert PY 0 st 200 ‘| B00 | 
input Restores | TO | Cf Os PO] Me 
[TeraeSignal VotogeGain__| RL 200, Vout=#10V [80,000|200.000| _|20,000,f00.000] [| ___ 
Output Voltage Swing Ry 2 10kQ +12 +14 +12 +14 V 

7 ace 
| Supply Voltage Rejection Ratio 

[Power Consumption 


re) 
2) 
= 
on 
=) 
5 a 
< 
~~ 
< 


Power Consumption 


Transient Response (unity gain) Vin = 20mV, RL = 2kQ, 
CL < 100pF 
Risetime 
Overshoot 


a) 
Ow 


Slew Rate (unity gain) Rye 2 2kQ 


The following specifications apply for -55°C < Ta < +125°C for RM748 ; 0OC < Ta < +70°0C for RC748. 
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NOTES: 


1. Rating applies for case temperatures to +125°C; derate linearly at 6.5 mW/°C for ambient temperatures above +75°C for RM748. 
2. For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage. 
3. Short-circyit may be to ground or either supply. Rating applies to +125°C case temperature or +75°C ambient temperature for RM748. 
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1437 
Dual High-Gain Operational Amplifier 1537 


GENERAL DESCRIPTION DESIGN FEATURES 

The RC1437 and RM1537, previously referred to as the 4709, @ Gain and Phase Matching Between Amplifiers 
integrated circuits are monolithic dual high gain operational @ Low Temperature Drift +3 uV/°C 
amplifiers. The device is composed of two 709 operational am- @ Large Output Voltage Swing +14 V Typical 


plifiers fabricated on a single silicon chip. It has all the out- 
standing features of the 709. 


Due to the inherent matching and tracking of parameters, the 
1537/1437 has several unique applications: differential in/out 
amplifiers, non-inverting amplifiers, gain and phase matched 
channels. 


The RM1537 operates over a temperature range of —55°C to 
+1250C. RC 1437 is the commercial temperature range device 
for operation from 09°C to +75°9C. 


SCHEMATIC DIAGRAM 


INPUT FREQUENCY 
COMPENSATION 


A B + 


OUTPUT 


OUTPUT 
FREQUENCY 
COMPENSATION 


INPUTS 


CONNECTION INFORMATION 


OUTPUT LAG 2L_J 


ouTPuT 2 C_ | _}J OUTPUT LAG 2 
INPUT LAG 2L_J | __] OUTPUT 1 
INPUT LAG 2L_J PJ INPUT LAG 1 

T_} INPUT LAG 1 


|} + INPUT 1 


DC and DB 
Dual In-line Packages 
(Top View) 
Order Part Nos.: 
RM1537DC, RC1437DC, 
RC1437DB 
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1437 | _ 
Lae Dual High-Gain Operational Amplifier 


ABSOLUTE MAXIMUM RATINGS 


“Supply Voltage. 2.0.0.5 a eo bo eee epee eo S1IBV Operating Temperature Range . RM1537:-55°C to +1250C 
Differential Mode Input Voltage RC1437: O°C to +75°0C © 
Common Mode Input Voltage Storage Temperature Range -65°C to +150°C 


Power Dissipation Lead Temperature (Soldering, 60s) 
Derate above 759C 


PARAMETER CONDITIONS 


Input Offset Voltage 5082 < Rs S 10k22 TA = 250C 
+9V <Vt< 15V 
+t9V < Vt < +15V|RM1537: +259C to +1250C 
RC1437: +259C to +759C 
RM1537: -550C 
RC1437: 09°C 
+9V < Vt < +15V|RM1537: +25°C to +1250C 
RC1437: +250C to +750C 
RM1537: -559C 
RC1437: 00°C 


[ Large Signal Voltage Gain|V* = #15V, Vo=S10V, AL>2k2 


Output Voltage Swing Vt = +15V Ri 2 10 kQ 
Rp 22 kQ 
Input Common Mode Vt = +15V 
Voltage 
Common Mode Rejection |Rs < 10 kQ, +9V < V+ < +15V | 
Ratio 
Supply Voltage Rejection |Rsg < 10 kQ, +9V < Vt < +15V 
Ratio 


Transient Response Vt = +15V, Vin = 20 mV, RL =2kQ, CL =5nF, 
R17 = 15 kQ, Co = 200 pF, Ro = 502 


2] 
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RM1537 U 
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Input Offset Current 
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Input Bias Current 


ion 


—| 
< 
mo] 
Ss sw 
o1 oO 
E = 
=) 
> 


nN Nn s 

x< 
no pees 
Clon 
I+ i+ 
ab ant 
Os 
g 


++ I+ 
J I+ NO 
It] He + 4 
—_ | md ad < 
O;wo ft 6 


ioe Da 
Rise Time 


1.0 Us 
Overshoot 30 % 
| Average Temperature +9V <Vt<+15V Rs =502 1.5 v/oc 
Coefficient of Input Rs = 10 kQQ 3.0 . 
Offset Voltage , 
Average Temperature +9< Vt<+15V 3 0.7 nA/OC 
Coefficient of Input | 
Offset Current 
Separation, f = 10kHz +9V << Vt<+15V 73 73 
Open Loop 


MATCHING CHARACTERISTICS (Ta = 259C, t9V < Vt< +15V unless otherwise noted) 


pPaRAMETER SE cee 


[VoltageGain ts | to 
Reccad nA 


! ie eee baa! 
Input Offset Current | 15 (#20 | | nA 
Input Offset Voltage ed 6 
ome : 


Average Temperature Coefficient of Input Offset Voltage 
Average Temperature Coefficient of Input Offset Current 
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| 1458 
Dual 741 General Purpose Operational Amplifier 1558 


GENERAL DESCRIPTION DESIGN FEATURES 


The RM1558 and RC1458 integrated circuits are high gain 
operational amplifiers internally compensated and constructed 
on a single silicon chip using the planar epitaxial process. 


Continuous Short-Circuit Protection 

No Frequency Compensation Required 

No Latch-Up 

Large Common-Mode and Differential Voltage Ranges 
Low Power Consumption 

Parameter Tracking Over Temperature Range 

Gain and Phase Match Between Amplifiers 


The military version, RM1558, operates over a temperature 
range from —55°0C to +1250C. The commercial version, RC1458, 
operates from 0°C to +70°C. 


Combining all of the outstanding features of the 741 with the 
close parameter matching and tracking of a dual device on a 
monolithic chip results in unique performance characteristics. 
Excellent channel separation allows the use of the dual device 
in all single 741 operational amplifier applications providing 
the highest possible packaging density. It is especially well 
suited for applications where gain and phase matched channels 
are mandatory. 


SCHEMATIC DIAGRAM 


CONNECTION INFORMATION 


® AoutpuT |__| 


A OUTPUT B OUTPUT 
Oh @ 
a-inpuT ((2) ZA, Z8\(8)} 8 -Input 
0) CY» «input ] 8 +iNeuT 


V- 


TE Metal Can Package In-line Package 
(Top View) (Top View) 


Order Part Nos.: Order Part No.: 
RM1558T, RC1458T RC1458NB 
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1458 
1558 a Dual 741 General Purpose Operational Amplifier 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage | RM1558: +22 V Storage Temperature Range -659C to +150°C 

RC1458: +18 V Operating Temperature Range . RM1558:-55°C to +1250C 
Internal Power Dissipation (Note 1) Se ae . RC1458: O°C to +70°C 
Differential Input Voltage ..........00..00.8. +30 V Lead Temperature (Soldering, 60s) 


Input Voltage (Note 2) 2... 2... ee eee +15 V Output Short-Circuit Duration (Note 3) 


UNITS 


PARAMETER CONDITIONS 


Input Offset Voltage Rs S10 kQ 
L 


TYP 


~ 
ss! < 
~ 
! 

o | 
x 

=) 

i 

oO 

oo 


2.0 


Input Offset Current 
Input Bias Current 
Input Resistance 


Lo 
[20000 
ee Ec ae ae, ee 
Large-Signal Voltage Gain Rp 22k 
Vout = £10V 50,000 | 200,000 50,000 | 200,000 
Rp 210 kQQ +12 +14 +12 +14 
RL >2kQ° +10 +13 +10 +13 
| #12 ae Poesia 
| 150 


sh 
~ 


a 


m 
n 
n 

V 

Output Voltage Swing | 


7 
A 
A 
IN 
V 
V 
V 


a2 [is [a fs 
[Common Mode Rejection Ratio | 
[Supply Voltage Relection Ratio | [30 [760 


Transient Response 
(unity gain) 


Slew Rate (unity gain) 


Channel Separation 


MN 
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= 
ce) 


nin 
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=) 
x 
+e) 
~ 
ro) 
~ 
E 


= 
n 


i oa 
SSE < 
Es < 


3s 


_ (open loop) 


see 


T a = -55°C 120 200 


(Gain = 100) 

The following specifications apply for -559C < T~ <+125°C for RM1558; OOCS T~ <+70°C for RC1458. 
Pinout Offset Voltage ——S«d =A <toKD | ‘| —-'| 60 | | ‘| 76 | mv 
[Input Offset Current | CET 0s | 80S] 
‘Linout as Current | t00 P00 | 

| Vout = £10V 25,000 25,000 
so [|_| 0 | | + v 
Power Consumption Vs =+i15V 


NOTES: 


1. Rating applies for case temperatuers to +125°C; derate linearly at 6.5 mW/9°C for ambient temperatures above +75°C for RM1558. 
2. For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage. 
3. Short-circuit may be to ground or either supply. Rating applies to +125°C case temperature or +75°C ambient temperature for RC1458. 
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High-Performance Operational Amplifiers 1556A 


GENERAL DESCRIPTION 


The RM1556A/RC1556A and RM1556/RC1556 are high per- 
formance, high gain operational amplifiers. Each amplifier is 
internally compensated and fabricated on a single silicon chip 
by the planar epitaxial process. 


These amplifiers feature high common-mode and differential 
voltage range, very low input bias current, optimum perform- 
ance over a wide range of supply voltage, and freedom from 
‘Natch-up.’’ They are ideal for use as voltage followers, com- 
parators, integrators, summing and general purpose amplifiers. 


The RM1556A/RC1556A offers features beyond that of super 
Beta amplifiers. These include exceptional improvements in 
the input offset voltage, bandwidth, slew rate, and noise 
characteristics. 


The RM types operate over a temperature range of —55°C to 
+125°C. The RC types operate from O°C to +70°C. Each 
device is available in the 8-pin TO-5, 8 or 14-pin dual in-line 
packages. 


SCHEMATIC DIAGRAM 


INPUTS 


J BE iccces 


TE Metal Can Package 
(Top View) 


Order Part Nos.: 
RM1556AT, RM1556T, 
RC1556AT, RC1556T 


1556 


DESIGN FEATURES 


Input Bias Current 15nA Maximum 
Input Offset Current 2nA Maximum 
Input Offset Voltage 2mV Maximum 
At +15V Current Drain 1.0mA 

Offset Voltage Nulling (10k pot) 

Slew Rate 2.0V/us 

Unity Gain Bandwidth 4MHz 

Gain Variation 3dB from +3V to +20V 
Open Loop Voltage Gain 106dB 


NB Dual In-line 
Plastic Package 
(Top View) 


Order Part Nos.: 
RC1556NB, RC1556NB 
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1556 | 
1556A High-Performance Operational Amplifiers 


ABSOLUTE MAXIMUM RATINGS 


~ Supply Voltage . . | RM1556A, RM1556: +22V Operating Temperature Range P 
. RC1556: +18V RM1556A, RM1556 -55°C to +125 °C 
Internal Power Dissipation (Note 1) RC1556A, RC1556 OCto+70C 


Differential Input Voltage Lead Temperature (Soldering, 60s) 
Input Voltage (Note 2) Output Short-Circuit Duration (Note 3) 
Storage Temperature Range 


RM1556 AND RC1556 ELECTRICAL CHARACTERISTICS 
(RM1556: -55°C <T, < 125°C; RC1556: 0°C <T, <70°C; Vg = +15V) 


PARAMETER CONDITIONS 


Input Offset Voltage Ta = 25 C, Rg S 50kQ2 


1.0 
.O 


N 

ro) 
a 
2 

< 


Input Offset Current Ta = 25°C 
Input Bias Current '1T, =25C 
a °o 


1 


—_ 
o1 
Ww 
o 
=) 
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Supply Current Ta =25°C 


Large Signal Voltage Ta =25C 
Gain Vout = +10V, RL > 2kQ 


3 
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=) 
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ee 
° 


Input Offset Current +25 CtoTy 
TL to+25 C 


jo) 
_ 
& 


[SuppiyGurent 
| 
Ry, > 2k, Voyr = +10V 


Output Voltage Swin Ta = 25°C, Ry > 2k, 
Vs = #15 va fee [fam fae | Dy 
Input Noise Voltage Rs = 10kQ2, f = 1.0kHz, —— 

AV = 100, BW = 1.0Hz 
Common-Mode 

< 

hasnt ae, ee le 
parvo in [cen pete] fete, fe 


NOTES: 

1. For operating at elevated temperatures, the device must be derated based on 150°C for RM1556A and RM1556; 100°C for RC1556 maximum 
junction temperature and a thermal resistance of 150°C/W junction to ambient or 45° C/W junction to case. 

2. For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage. 

3. Short-circuit to ground rating applies to +125°C case temperature or +75°C ambient temperature for RM1556A and RM1556. 
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High-Performance Operational Amplifiers 1556A 


RM1 556A AND RC1556A ELECTRICAL CHARACTERISTICS 
(All other electrical characteristics are listed with RM1556 and RC1556) 


ence conprtions = L__MTBSGA_ | RCTSSGA 


Input Offset Voltage Ta = 25 C, Rs S 50k 


Rs <50kQ, 
55°C <Ta < 125°C 


Rs <50kQ, 0°C to +70°C 


Slew Rate (Unity Gain) Ta = 25°C, Ry = 2kQ, 
Vg = +15V 
TYPICAL ELECTRICAL DATA 
Supply Current 


SUPPLY CURRENT (mA} 
INPUT VOLTAGE RANGE (tV) 
OUTPUT SWING (+V) 


aay 
EUG | 
4 
lial 55°C <T, < 125°C all 
e 


2 4 6 8 10 12 14 16 18 20 8 2 4 1 
SUPPLY VOLTAGE (+V) SUPPLY VOLTAGE (+V) SUPPLY VOLTAGE (tV) 


Open Loo 


p 
Frequency Response Maximum Power Dissipation Current Limiting 
0 15 


—-- -+---- VOLTAGE GAIN — 


VOLTAGE GAIN (dB) 


10 100 1K 10K 100K 1M 10M 45 65 85 105 18 20 
FREQUENCY (Hz) AMBIENT TEMPERATURE (“C} OUTPUT CURRENT (+mA) 


POWER DISSIPATION (mW) 
OUTPUT SWING (+V) 


METAL CAN 
_ — . MOUNTED FLAT PACKAGE 
(Note 1) 


Large Signal Voltage Follower Voltage Follower 
Frequency Response Large Pulse Response Small Pulse Response 


EEE Ga 
ATO LH if re = 25re | TTT 
PUNT TT 
TNT Lt IT 
at 
UNI ELT 


I NA 
EIT Ape 


FREQUENCY (Hz) TIME (uS) TIME (nS) 
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OUTPUT SWING (#V) 
VOLTAGE SWING (V) 
VOLTAGE SWING (mV) 


1556 
1S56A High- -Performance Operational Amplifiers 


TYPICAL ELECTRICAL DATA aia ) 


Noise Voltage Input Bias Current Voltage Gain 


rt NOISE VOUIAGE at 
Ett 


Sai fran 


Se 
SS 


Te 


Soil rt a 


bested 
is CUM int Titi 


0 
100Hz iKHz 10KHz 2 4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20 
FREQUENCY 


N 
x 
> 
> 
2 
w 
2 
fo} 
2 


INPUT BIAS CURRENT (nA) 
VOLTAGE GAIN (dB) 


SUPPLY VOLTAGE (+V) SUPPLY VOLTAGE (tV) 


get & 
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LM2900 


Quad Current Mode Single-Supply Operational Amplifier LM3900 
GENERAL DESCRIPTION DESIGN FEATURES 


The LM2900 and LM3900 consist of four independent, dual 
input, internally compensated amplifiers which were designed 
specifically to operate off a single power supply voltage and to 
provide a large output voltage swing. These amplifiers make 
use of a current mirror to achieve the non-inverting input func- 
tion. Application areas include: AC amplifiers, RC active fil- 
ters; low frequency triangle, squarewave and pulse waveform 
generation circuits, tachometers and low speed, high voltage 
digital logic gates. 


SCHEMATIC DIAGRAM 


— INPUT 


+ INPUT 


CURRENT = 
MIRROR 


@ Wide Single Supply Voltage Range 4V to 36V 

@ Supply Current Drain Independent of Supply Voltage 

@ Low Input Biasing Current 30 nA 

® High Open-loop Gain 70 dB 

@ Wide Bandwidth 2.5MHz (Unity Gain) 

@ Larger Gain-Bandwidth Product in Non-Inverting Mode 
(Avy = 100 @ f = 1 MHz) 

@ Large Output Voltage Swing, (Vt-1)Vp.p 

@ Internally Frequency Compensated for Unity Gain 

@ Output Short-Circuit Protection 


CONNECTION INFORMATION 


INPUT 17 
INPUT 2+ 
INPUT 2- 
OUTPUT 2 
OUTPUT 1 
INPUT 1- 

GND 


vt 

INPUT 3* 
INPUT 4+ 
INPUT 4- 
OUTPUT 4 
OUTPUT 3 
INPUT 3- 


Dual In-line Package 


Order Part Nos.: 
LM2900N, LM3900N 
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LM2900 oe 
LM3900 Quad Current Mode Single-Supply Operational Amplifier 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (LM 2900) ................ Output Short Circuit Duration—- ........ 
(LM 3900) ................ One Amplifier, TA = 25°C : 
Supply Voltage .... 0... cee ee ee ee ee Operating Temperature Range (LM 2900) . -40°C to +850C 
Power Dissipation (TA = 25°C)(Note 1) ....... Operating Temperature Range (LM 3900) : . 0°C to +70°9C 
Input Currents, ljyytorl|N- 2... ee ee ee ee Storage Temperature Range ........ ~65°C to +150°C 
Lead Temperature (Soldering, 10sec) ..... ee 


PARAMETER CONDITIONS ae ae ae UNITS 
Open Loop | 
1200 2800 V/V 


Voltage Gain 


[input Resistance ———SSCSCS*dCverting Ino 
[~Ourpur Resistance | SCSCS~SSCS 
[Unity Gein Bandwieth | _Inverting Input (Note 2) | 
[input ies Current verting Input 
Siew Rat [Positive Output Swing | 
[Negative Output Swing | 

[Supply Current ——SSSS*dCOR, = On Al Amplifrs | +d 

ax 


Output Voltage Swing Rt =5.1k 
VouT High 

VouT Low 
Output Current Capability 


liN- = 10 WA, lin+ = 0 


Source 


Sink (Note 3) | 05 | 
Power Supply Rejection f= 100 Hz be ead 
iINt= 2000 Now 4) | 0.80 


liN- = 0, 11N+ = 0 13.5 
3 


(Nowe 6) 
Negative Input Current (Note 6) 


NOTES: 
1. For operating at high temperatures, the device must be derated based on a 125°C maximum junction temperature and a thermal resistance of 
. 175°C/W which applies for the device soldered in a printed circuit board, operating in a still air ambient. 

2. When used as a “non-inverting amplifier’ (see bottom of page), the gain-bandwidth product is not limited to 2.5 MHz. The isolation provided by 

the “‘current mirror’ allows a constant unity voltage gain feedback for the main inverting amplifier. This means that large values of gain can be 

achieved at high frequencies and the dominate limit is due to the slew rate of the amplifier. For example: a voltage gain of 100 is easily obtained at 

1 MHz and an output voltage swing of 160 mVp-p can be achieved prior to slew rate limiting. This operational mode is useful for signal frequencies 

in the 50 kHz to 1 MHz range as would be encountered in IF or carrier frequency applications. 

The output current sink capability can be increased for large signal conditions by overdriving the inverting input. 

. This spec indicates the current gain of the current mirror which is used as the non-inverting input. i 

. Input Vge match between the non-inverting and the inverting inputs occurs for a mirror-current (non-inverting input current) of approximately 

- 10 wA. This is therefore a typical design center for many of the application circuits. 

6. Clamp transistors are included on the IC to prevent the input voltages from swinging below ground more than approximately -0.3 Voc. The nega- 
tive input currents which may result from large signal overdrive with capacitance input coupling need to be externally limited to values of approxi- 
mately 1 mA. Negative input currents in excess of 4 mA will cause the output voltage to drop to a low voltage. This maximum current applies to 
any one of the input terminals. If more than one of the input terminals are simultaneously driven, negative smaller maximum currents are allowed. Com- 
mon-mode current biasing can be used to prevent negative input voltages; for example, see the ‘’Differentiator Circuit’ in the applications section. 


Oo dw 
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LM2900 
Quad Current Mode Single-Supply Operational Amplifier LM3900 


3900 TYPICAL APPLICATIONS (V* = 15v) 


Voltage-Controlled Current Source Triangle/Square Generator inverting Amplifier VBE Biasing 
(Transconductance Amplifier) 


{ Vooc = Vee (1+ 82 
' R3 
lo = ImA/Volt Vin 


Free-Running Staircase Supplying Ijjy with Aux. Amp Bandpass Active Filter 
Generator/Pulse Counter (to Allow High Z Feedback Networks) 


30x 1N914 
Vg 
Real Fa 
Vg Tt) 
DIFFERENCE 
INTEGRATOR 


1M 


ONE-SHOT w. 
INPUT COMPARA’ OR 


Ground Referencing a Non-Inverting Amplifier Split Supply (Vt = +15Vpc & V~ = -15Vpc) 
Differential Input Signal Non-Inverting DC Gain AC Amplifier 


1 10M > -15.00 VOC* 
1N914 


OD Re 
-15VDC 
© +15.00 Voc” : = 


“COMPLEMENTARY 
TRACKING 
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3301 — 
3400 Quad Operational Amplifiers 


GENERAL DESCRIPTION | DESIGN FEATURES 

The RV3301 and RC3401 consist of four independent ampli- @ Wide Supply Voltage Range 4 to 28 V 

fiers, with internal frequency compensation, designed to operate @ Wide Operating Temperature Range -400°C to se60c 
from a single power supply. . @ Wide Bandwidth Unity Gain 4 MHz . 

These amplifiers employ a current mirror to achieve the non- @ Low Input Bias Current 50 nA 


inverting inputs. 


The current-differencing inputs allow a variety of applications 
in automotive instrumentation, industrial and consumer cir- - 
cuits for performing active filtering and pulse and waveform 
generation and processing. 


SCHEMATIC DIAGRAM 


CONNECTION INFORMATION 


+INPUT 2 [1 Vec 

+INPUT 1 [7] +INPUT 3 
-INPUT 1 HINPUT 4 
OUTPUT 1 [ -INPUT 4 
OUTPUT 2 [__, ] OUTPUT 4 
-INPUT 2 [| OUTPUT 3 


-INPUT 3 


DB 
Dual In-line Package 
(Top View) 


Order Part Nos.: 
RV3301DB, RC3401DB 
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Quad Operational Amplifiers 3401 
ABSOLUTE MAXIMUM RATINGS 


Power Supply Voltage Power Dissipation (Package Limitation) 
Derate above T A = +25°C 
Operating Temperature Range .. 3301: -409C to +85°9C 


Non Inverting Input Current 3401: O°C to +75°C 
Sink Current Storage Temperature Range -659C to +1500C 
Source Current Lead Temperature (Soldering, 10s) 


ELECTRICAL CHARACTERISTICS (Vcc = +15V, RL = 5.0KQ, Ta = +25°C unless otherwise noted.) 


Open-Loop Voltage Gain 


Ta = +250C 
~40°C < Ta < 75°C 
0°C < Ta< 750C 


Quiescent Power Supply Current (Total for 4 amplifiers) 


Noninverting inputs open 


Noninverting inputs grounded 
RL=° 
TA = +25°C 

-409C < Ta S+850C 
0°C < Ta S+750C 


Input Bias Current 


Output Current mA 
Source Capability (VOH = 0.4V) , 
(VOH = 9.0V) 7.0 S iE. 
Sink Capability (VOL = 0.4V) 0.5 0.87 1.0 
Output Voltage 6 V 
High Voltage 13.5 14.2 13.5 14.2 
Low Voltage (Inverting Input Driven) 0.03 0.03 
(Noninverting Input Driven) 0.6 
Undistorted Output Swing | (OOC < Ta < +759C) 7 10 13.5 V(p-p) 
[Input Resistance | (Invertinginputonly) |_| 0.1 | 1.0 | | 01 | 10 | | MQ | 
[Slew Rate | (CL=100pF,RL=5.0k) | | | o6 | | | o6 | | Vins 
[unity Gain Banawiats | —SSSCS*~C~idC Pe Pd 
A A 
| Power Supply Rejection [(f=100Hz) ss “ss | 9 | CT 8 TCT HTB COT 
[cana Swaon—|if=touee, |__| | [|| * | | #_ 


NOTES: 1. Open loop voltage gain is defined as the voltage gain from the inverting input to the output. 

2. The quiescent current will increase approximately 0.3 mA for each noninverting input which is grounded. Leaving the noninverting input 
open causes the apparent input bias current to increase slightly (100 nA) at high temperatures. 

3. Input bias current can be defined .only for the inverting input. The noninverting input is not a true ‘‘differential input’’—as with a con- 
ventional IC operational amplifier. As such this input does not have a requirement for input bias current. : 

4. Current mirror gain is defined as the current demanded at the inverting input divided by the current into the noninverting input. 

5. Sink current is specified for linear operation. When the device is used as a gate or a comparator (non-linear operation), the sink capability 
of the device is approximately 5.0 milliamperes. 

6. When used as a noninverting amplifier, the minimum output voltage is the Vge of the inverting input transistor. 

7, Peak-to-peak restrictions are due to the variations of the quiescent dc output voltage in the standard configuration. 

8. Bandwidth and phase margin are defined with respect to the voltage gain from the inverting input to the output. 

9. Power supply rejection is specified at closed loop unity gain, and therefore indicates the supply rejection of both the biasing circuitry 
and the feedback amplifier. 
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3403A 
3503A Total Quad Operational Amplifiers 


GENERAL DESCRIPTION DESIGN FEATURES 


The 3403A high performance quad op-amp features improved @ Class AB Output State; No Crossover Distortion 
large signal bandwidth and worst case DC specs equal to or @ Output Voltage Swings to Ground in Single Supply 
better than the standard 741 type general purpose op-amp. Operations 


The device uses a newly developed type of ground-sensing dif- © High Slew Rate 1.2 V/us 


ial i i i i le : ; y 
ferential input stage which provides increased slew rate @:Single-er Salit SacakrO parauon 


@ Wide Supply Operation 2.5 V to +36 V or 
+1.25 V to+18 V 


@ Pin Compatible with LM324 and 3403 
@ Low Power Consumption 0.8 mA/amplifier 


SCHEMATIC DIAGRAM 


e 
-VeE or GND 


CONNECTION INFORMATION 


DB and DC 
Dual In-line Packages 
(Top View) 


Order Part Nos.: 
RC3403ADB, RC3403ADC, RV3403ADB, 
RV3403ADC, RM3503ADC 
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3403A 
Total Quad Operational Amplifiers 3503A 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage, vt 36 Vor +18 V Operating Temperature Range 
Differential Input Voltage 36 V RM3503A -550C to +1250C 
Input Voltage -0.3 V to +36 V RC3403A O°C to +700C 


Power Dissipation RV3403A ~40°9C to +85°0C 
“DB” package .... 500 MW (molded DIP epoxy ‘’B”’) Storage Temperature Range -65°9C to +1509C 
“DC” package 650 mW (hermetic DIP) Lead Temperature (Soldering, 60s) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C, Vcc = +15V unless otherwise noted) 


Voltage Range f 

Supply Current 
on all op-amps . 

(Channel Separation ____—_—_+| _#1kHzto20kHz(inref) |_| -120_ 


Output Source Current VINt=1V 
ViIN-=OV 

aaa eee 

Eee oe el 

Power Supply Rejection Ratio hie el 


*Significantly inproved performance 


ELECTRICAL CHARACTERISTICS GUARANTEED OVER TEMPERATURE 
Range: RM3503A: -55°C to +1250C 

RC3403A: — 0°C to +70°C 

RV3403A: -400C to +85°C 


PARAMETER 


Large Signal Voltage Gain 


Output Voltage Swing 
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3403A 
3503A | Total Quad Operational Amplifiers 


LOW VOLTAGE ELECTRICAL CHARACTERISTICS (Vcc = +5V, VEE = GND, Ta = +259°C 


unless otherwise noted.) 


Channel Separation ee 1KHz<f<,.2MHz 


(input referred) 


1 Output will swing to ground. 


*Significantly improved performance. 


3403A TYPICAL APPLICATIONS 


: 10kS2 
a? 100kS2 


CURRENT OR Fe hae 
VOLTAGE INPUT : RC3403A 


QRe34034 Fg 41kQ OF 


OPTO-ISOLATOR 
RL > 1.5k92 
12k92 


5k92 & SCALE 
FACTOR 


~15V 
“POLARITY DETERMINED BY DESIRED LED RESPONSE; 
1.E., LED ON FOR DATA HIGH, OR LED HIGH FOR DATA LOW. 


PRECISION POSITIVE-INPUT, ISOLATED OUTPUT 
VOLTAGE FREQUENCY CONVERTER 
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3403A 
Total Quad Operational Amplifiers 3503A 


ELECTRICAL CHARACTERISTICS COMPARISON 
RC3403A, RC3403, LM324 


RC3403A LM324 
Supply Voltage +36 or +18 +36 or +18 +32 or +16 
PS ee 


Electrical Characteristics 
Test Conditions 


I+ 

rm] 

oOo 
| 


Input Offset Voltage 
Input Offset Current 
Input Bias Current 


I+ 
ww 
ro) 

+ 
oO 
E 
+ 
ww 
Oo 
+ 
on 
ro) 

E 
on 
I+ 
on 

E 
a 
> 


Input Common Mode 
Voltage Range 
Supply Current 


NO 


Open Loop Voltage Gain 


I+ 
—_ 
OO 


Output Voltage Swing 


~ 
© 


Common Mode Rejection 
Ratio 

Power Supply Rejection 
Ratio 

Unity Gain Bandwidth 

Slew Rate 

Output Sink Current 

Output Source Current 


NO 


Channel Separation 


Distortion (crossover) 
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4131 


High-Gain Operational Amplifiers 


: 


GENERAL DESCRIPTION 
The RC4131/RM4131 are high performance, high gain, inter- 


nally compensated operational amplifiers fabricated on a single | 


silicon chip using the planar epitaxial process. 


Designed as a pin for pin replacement for the RM709, they are 
also direct replacements for the 741 and LM107. Relative to 
these latter units, the RC4131/RM4131 features four times the 
slew rate, and % the power dissipation at +20V. 


High common-mode and differential voltage range, very low 
input bias current, optimum performance over a very wide 
range of supply voltage, freedom from “‘latch-up,’’ and opera- 
tion over the full military temperature range from —55°C to 
+125°C make the RM4131 ideal for use as a voltage follower, 
comparator, integrator, and summing or general purpose feed- 
back amplifier. The RC4131 operates over a temperature range 
of 0°C to +70°C. 


SCHEMATIC DIAGRAM 


OO 
INPUTS 


cite 


omni 


-INPUT OUTPUT 
@ ® 


® 


TE Metal Can 
(Top View) 


Order Part Nos.: 
RM4131T, RC4131T 


— 
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DESIGN FEATURES 

@ 50nA Maximum Input Bias Current 

10nA Maximum Input Offset Current 

2mV Maximum Input Offset Voltage 

1.1mA Current Drain at t20V | 

Offset Voltage Nulling (10kQ pot.) 

2.0V/us Slew Rate 

4MHz Unity Gain Bandwidth 

3dB Gain. Variation From +3V to +20V 

88dB Minimum Gain +3V to +20V, -55°C to +125°C 


NB Miniature 
Dual In-line 
(Top View) 


Order Part Nos.: 
RC4131NB 
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High-Gain Operational Amplifiers 4131 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage .......... 02 cee eae RM4131: +22V Operating Temperature Range ? 
RC4131: +18V RIM4ISE sds dng accent 2S aes -55°C to +125 °C 

Internal Power Dissipation (Note 1) .......... 500mMW RC4131 ....... cee ee eee 0°C to +70°C 

Differential Input Voltage ...........000 0a Lead Temperature (Soldering, 60s) ........... 

Input Voltage (Note 2) 2... 2... .. ee ee ee Output Short-Circuit Duration (Note 3) ...... 

Storage Temperature Range ........ 


RM4131: +8V < Vg <+20V, -55°C < Ty, <+125°C, unless otherwise specified. 
ELECTRICAL CHARACTERISTICS RC4131: 8V < Vs < +15V, 0°C < Ta <+70°C, unless otherwise specified. 


rem rr ae ee ee 
Input Offset Voltage Rs < 10kQ, Ta = +25°C foo | | as | 50 | ey 


—_ 

i 

(alii ‘ereseeecemaeamm lms 
eae Wail 

ieee 

rm 

| 50 

+15 


Large-Signal Voltage Gain Ry, = 2kQ|/T, =+25°C 


woe) [| 
Output Voltage Swing Ry > 10k2 
RM4131: Vs = £20V 
RC4131: Vs = +15V Ry > 2kQ ) 215 | 


Input Voltage Range RM4131: Vs = +20V 15 
RC4131: Vs = +15V . 
Common-Mode Rejection < 
Supply Voltage Rejection < 


Oo 

~N 
ie) 
Oo 


et Yom 
Ee eee ae ae 


= fe [o> [are 


Oe Wale he 


os ° 
Supply Current R, =< Ta = +25 C i ee 
Average Temperature Coeffi- 
cient of Input Offset Voltage 
Average Temperature 25°C <T, S125 °C icon ol 
Coefficient of Input —55°C < Ta < 25°C hee al 


Offset Current | = = 
25 C<Ta S70C 
0°C<Ty <25°C 


Slew Rate (Unity Gain) Ry 22k 


NOTES: 
Rating applies for case temperatures to +125°C; derate linearly at 6.5 mW/°C for ambient temperatures above +75°C. 
For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage. 


Short circuit may be to ground or either supply. Rating applies to +125°C case temperature of +75°C ambient temperature. 
RM4131: Vg = #1.3V, Vo = £1.3V; Vg = £20V, Vo = £15V. RC4131: Vg = £3V, Vo = £1.3V; Vg = +15V, Vo = £10V. 
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4131 ____ High-Gain Operational Amplifiers 


TYPICAL ELECTRICAL DATA 


input Current Input Bias Current Voltage Gain 
80 110 
70 
os 108 
in Vs = £15V =. 2 
< wis a 
s aC 5 2 106 
aa uw 50 2 
2 c = 
lw a oO 
Tr] gab i 
? ro) 
a) ph: < 
Fe = Ss 
= s 20 
2 aL Imerel TT TT 100 
epee eeee 
-75 -50 -25 0 25 50 75 100 125 10 12 14 #16 18 20 2 4 6 8 10 12 14 16 18 20 
TEMPERATURE (°C) SUPPLY VOLTAGE (+V) SUPPLY VOLTAGE (+V) 
Supply Current Input Voltage Range Output Swing 
pees SS UM ae lead call 
on OSE RE SREP e 
os aH a 
<{ ° y ~ 
£ o -55°C<T,a < 125°C fi S 
- ¢ 12 = pa 
2 2 
[oa Wi — 
cc re) = 
=) 4 n 
oO e 8 bE 
> 3 a 
: ; : 
2 > 4 e 
< 
2 4 6 8 10 12 14 #16 18 20 0 4 8 12 16 20 
SUPPLY VOLTAGE (+V) SUPPLY VOLTAGE (+V) SUPPLY VOLTAGE (+V) 
Open Loop | 
Frequency Response Maximum Power Dissipation Current Limiting 
0 
Vs = £15V 
a = 
8 £ 5 
=z — 
z fe) 9 
<6 = 2 
Oo x = 
uu a. 7) 
oO 7) 
< 2 5 
a” a a 
e) a > 
> = ro) 
= METAL CAN 
~ MOUNTED FLAT PACKAGE 
(Note 1) 
1 10 100 1K 10K 100K 1M 10M 
FREQUENCY (Hz) AMBIENT TEMPERATURE (°C) OUTPUT CURRENT (+mA) 
Large Signal Voltage Follower Voltage Follower 
Frequency Response Large Pulse Response Small Pulse Response 
feed = tee 
i Ver PIV. fo ta 
s 4 5 
= > > 
a 9 4 E 
oO = 
Z = 2 
& w «OO a 
= g w 
be) Ee G) 
0. a -2 < 
Ke ra Ee 
3 > 5 
-4 > & 90% 
0 8 12 16 
FREQUENCY (Hz) TIME (uS) TIME (nS) 
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High-Gain Operational Amplifiers 


4131 


TYPICAL APPLICATIONS 


Low Drift Sample and Hold 


SWITCH 


0.1uF 


SAMPLE Polycarbonate 
COMMAND 


High Impedance Bridge Amplifier 


Logarithmic Amplifier 


2N2218 
or equiv. 


Voltage Offset Null Circuit 
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4136 


Quad 741 General Purpose Operational Amplifier 


GENERAL DESCRIPTION DESIGN FEATURES 


The RM4136 and RC4136 include four independent high gain Unity Gain Bandwidth, 3MHz 

operational amplifiers internally compensated and constructed Continuous Short Circuit Protection 

on a single silicon chip using the planar epitaxial processes. No Frequency Compensation Required 

No Latch-up 

Large Common Mode and Differential Voltage Ranges 
Low Power Consumption 

Parameter Tracking Over Temperature Range 

Gain and Phase Match Between Amplifiers 


These amplifiers meet or exceed all specifications for 741 
type amplifiers. Excellent channel separation allows the use of 
the 4136 quad amplifier in all 741 operational amplifier ap- 
plications providing the highest possible packaging density. 


The specially designed low noise input transistors allow the 
4136 to be used in low noise signal processing applications 
such as audio preamplifiers and signal conditioners. 


SCHEMATIC DIAGRAM 


O 
INPUTS 


-INPUT (D) 
+INPUT (D) 
OUTPUT (D) 
+VCC 
OUTPUT (C) 
+INPUT (C) 
-INPUT C 


DC and DB 
Dual In-line Packages 
(Top View) 


Order Part Nos.: 
RM4136DC, RV4136 DB, 
RC4136DC, RC4136DC 
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Quad 741 General Purpose Operational Amplifier 4136 
ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 2 accel eee ys os ee x RM4136: +22V Storage Temperature Range .......... -659C to +150°C 
RV4136, RC4136: +18V Operating Temperature Range .. RM4136: -559C to +1250C 

Internal Power Dissipation (Note 1) ........... 800mW RC4136: O°C to +709C 
Differential Input Voltage ...........0.00000. +30V RV4136: -40°C to +85°C 
Input Voltage (Note 2) ..........-.. 02.0200 ee +15V Lead Temperature (Soldering, 60s) ............ 300°C 
Output Short-Circuit Duration (Note 3) ....... Indefinite 


ELECTRICAL CHARACTERISTICS (Vcc = £15V, Ta = +25°C unless otherwise noted.) 


PARAMETER CONDITIONS 


| MIN | TYP | 

paren vor ‘| rgevoxa | | os Teo 
ene Te 2 

a ee 

ae 


ac 
input Bias Curent | cao 
ace 

par ae 

<2 booed 


[os [sof 
ss 
ee 


UNITS 


mV 

nA 

nA 

i MQ. 

Large-Signal Voltage Gain Rp 22 kQ2 

V 

V 

[input Voltage Range —Sd|SSSCSC~dSCia aan eK 

[Common Mode Rejection Ratio | Ag<i0K | 70 | 100 Ed 
| < eaalOed 


[Supply Voltage Rejection Ratio | As<10K@ | [10 | 10 | iv 
[Power Consumption ___—-[Ri=== AllOutpute| | 210 | geo | [210 | 340 | mw 


Transient Response 


_ i hae ad Oialalo | a 
(>) ololola | xX 
“~U 

on 

ro) 


(unity gain) 


Risetime ; : Us 
Overshoot ‘ ; % 


[Slew Rate (unity gain) + Aza) 58 |i 


Channel Separation f = 10 kHz 
Rs = 1 kQ 105 105 


The following specifications apply for -559C < Ta <+125°9C for RM4136; OOC < Ta <+70°C for RC4136. 


| Input Offset Voltage | Rg<t0KQ | | 
2 —————EE 
Input Bias Current ae ee ee 
Large-Signal Voltage Gain RE 22kQ oe 
Vout = £10V 25,000 


Output Voltage Swing Rp 22kQ 
Power Consumption Ta = High 180 | 300 180 | 300 
| Ta=tow | | 240 | 400 | | 240 | 400 | mw 


NOTES: 


1. Rating applies for case temperature to +25°C; derate linearly at 6.4 mW/°C for ambient temperatures above +25°C. 
2. For supply voltages less than +15V the absolute maximum input voltage is equal to the supply voltage. 
3. Short-circuit may be to ground or one amplifier only. Icc = 45mA (typical). 
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4136 7 Quad 741 General Purpose Operational Amplifier 


TYPICAL ELECTRICAL DATA 


Input Bias Current as a Input Offset Current as a Common Mode Range as a 
Function of Ambient Temperature Function of Ambient Temperature Function of Supply Voltage 


es ee ee ee a eae 
pee Eee 


100 


INPUT BIAS CURRENT — nA 
INPUT OFFSET CURRENT —- nA 


ae 


COMMON MODE VOLTAGE RANGE - V 


0 
¢) 10 20 30 40 50 60 70 
TEMPERATURE — °C TEMPERATURE — °C SUPPLY VOLTAGE + V 
Open Loop Voltage Gain as a Open Loop Gain as a Power Consumption as a 
Function of Frequency Function of Ternpacatace Function of Ambient Temperature 


VOLTAGE GAIN 


VOLTAGE GAIN — dB 
POWER CONSUMPTION — mW 


20 
1 10 100 1K 10K 100K 1M 10M 0 10 20 30 40 50 60 70 


A) FREQUENCY — Hz TEMPERATURE — °C TEMPERATURE — °C 
Typical Output Voltage as a Output Voltage Swing as a Output Voltage Swing as a 
Function of Supply Voltage Function of Load Resistance Function of Frequency 


em 


OUTPUT SWING — V 


PEAK TO PEAK OUTPUT SWING — V 
PEAK TO PEAK OUTPUT SWING — V 


8 
4 6 8 10 #12 14 16 = «18 0.1 0.2 05 10 2.0 5.0 10 100 1K 10K 100K 1M 
SUPPLY VOLTAGE =i V LOAD RESISTANCE — KQ FREQUENCY — Hz 
Quiesent Current as a Voltage Follower 
Function of Supply Voltage Transient Response Large-Signal Pulse Response 
10 
8 
6 


OUTPUT -— mV 
OUTPUT VOLTAGE 
ro) 


6 CN 


= 5 10 20 LI 
SUPPLY VOLTAGE + V TIME — ps TIME — us 
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QUIESENT CURRENT (mA) 


Quad 741 General Purpose Operational Amplifier 4136 4 
"Bg pa a I SR Ee Sr SS SN ar, ae 
TYPICAL ELECTRICAL DATA | 


Input Noise Voltage Input Noise Current 
as a Function of Frequency as a Function of Frequency 


aes 


NOISE VOLTAGE (nV/¥ Hz) 


tht ap mw Rest 
maui 


rn 
| 
il 
oo or 
aati jane) 
I reat 


NOISE CURRENT (pA/ ¥ Hz} 


HY 
ut 
ll 


Total Harmonic Distortion Distortion vs Frequency 
Channel Separation vs Output Voltage Vo = Ivrms 


RIAA COMPENSATION 


it ‘Hythe 

a HE 

1 RATA UAH CAN CT 
o h So or 

Cr CTC SUE nina aa 
1K 10K 100 1K 10K 

FREQUENCY (Hz) FREQUENCY (Hz) 


ON @ 1 kHz (%) 


CHANNEL SEPARATION - dB 
TOTAL HARMONIC DISTORTION 
TOTAL HARMONIC DISTORTION (%) 


n 
n 
M 
V 


| A 
ed 
p MQ 
Large-Signal Voltage Gain : 
Output Voltage Swing l+Vcc - 1.2V| 


Common-Mode Rejection Ratio 
Supply Voltage Rejection Ratio 


Transient Response 


V 
A 
A 
Q 
iV 
V 
V 


(gain = 1) 


Unity-Gain Bandwidth 
Unity-Gain Slew Rate 


Input Noise Voltage 
(fg = 1 kHz) 


Output Short-Circuit Current +45 
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4136 


Quad 741 General Purpose Operational Amplifier 


4136 vs. 741 


Although the 324 is an excellent device for single-supply ap- The simplified input circuit of the 4136 exhibits much lower 
plications where ground-sensing is important, it is a poor uy noise than that of the 324 and exhibits no crossover distortion 
stitute for four 741’s in split-supply circuits. 


PEAK TO PEAK OUTPUT SWING — V 


f = 10k Hz ——> 
V = 8V/pk-pk 


A 


* = 50k Hz ——> 


“ 


AY 
ua 


in Ae cies 
\ Y AG puna 


as compared with the 324 (see illustration). The 324 shows 
serious crossover distortion and pulse delay in attempting to 
handle a large-signal input pulse. 


vo 
vin 
- 
e 


4 | 


f r 
rm _ 


V = 8V/pk-pk 
R,=2kQ 
/ | N WH : 
Comparative Cross-over Distortion 
Output vohage Swing asa Open Loop Voltage Gain as a Voltage Follower 
Function of Frequency Function of Frequency Large-Signal Pulse Response 
40 120 
so LL TU vs= 18 
soa ES 100 
cee 


I AT TT 
Croc NPE 
LUT rN NNT 
{tts TE NINA 
LETT TTT TT INNS 


100 1K 10K 100K 1M 
FREQUENCY — Hz 


VOLTAGE GAIN — dB 
> 
o 


ee ee oe cen 
ea LINE 
Beanie 


OUTPUT VOLTAGE 


tA | AAT 
‘a 


10 100 1K 10K 100K 1M 10M 
FREQUENCY — Hz TIME (uS) 


Typical Characteristics Curves Comparison 


Input Common Mode 
Voltage Range as a 
Function of Supply Voltage Unit Cost Comparisons 


COMMON MODE VOLTAGE RANGE tV 


SUPPLY VOLTAGE ‘Vv 
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Quad 741 General Purpose Operational Amplifier = # = = 4136 


4136 TYPICAL APPLICATIONS 


Stereo Tone Control 


Veco =+15V 
5K 50K 5K 2.2uF 2.2 uF OK 50K 5K 


0.068 uF 0.068 uF 
0.068 uF 0.068 uF 


50K 50K 


400 Hz Lowpass Butterworth Active Filter RIAA Preamplifier 


10K 


Low Frequency Sine Wave Generator with Quadrature Output Triangular-Wave Generator 
0.02 uF SINE INTEGRATOR 
© OUTPUT cl 
ea THRESHOLD ad 
DETECTOR 
7 FREQ 
COSINE 
OUTPUT 


ns 
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4136 Quad 741 General Purpose Operational Amplifier 


4136 TYPICAL APPLICATIONS 


Voltage Follower Lamp Driver Squarewave Oscillator 


Vo - 
+Vin 0 
@ 


Comparator With Hysteresis 


AC Coupled Non-inverting Amplifier 
1M OV ' 


AC Coupled inverting Amplifier 1 kHz Bandpass Active Filter 
. 390K 0.01uF ; 120K ov+ VO 


DC Coupled 1 kHz Voltage Controlled Oscillator (VCO) 
Low-Pass Active Filter 
0.05uF 
16K 0.01uF Vo 


+V¢* : 


JUL 
> OUTPUT 1 
2 OUTPUT 2 
10K 
= *Wide Control Voltage Range: 0 Voc <Vc¢ <2 (Vt - 1.5 Voc) 
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Quad 741 General Purpose Operational Amplifier 4136 
4136 TYPICAL APPLICATIONS 


Notch Filter Using the 4136 as a Gyrator Notch Frequency as a 
R? Function of C, 
“OTT! TTT 
“ 74) Fr —+4—} 
| 
- al 
INPUT OUTPUT rf Ri 
ma) 
fo) =e 
c ae 
Trim R, such that t NO 
R3 = 1400 A 
Al 2 we. 5 ai 
oO r— 
R2 2 R4 O wl —H 
10 Bill 


0.0001 0.001 0.01 0.1 1.0 
CAPACITORC, UF 


Cy 


Full-Wave Rectifier and Averaging Filter 


R4 uf 20K 20K 2.5K 


1% 1% DC 


O 
OUTPUT 


Multiple Aperture Window Discriminator 
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3 O Vin V4 
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6 with High Common Mode Rejection 
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4136 Quad 741 General Purpose Operational Amplifier 


4136 TYPICAL APPLICATIONS 


Analog Muttiplier/Divider O 15V 


COMPENSATE 
AS REQUIRED 
499K  60dB WIDE 
BAND AMP. 
1000,F 
0.01 }014/1.0 [4 
10 
3.16K 3.16K i 
+ 
1.0 
A 1HZ 
NOISE 10K Fr 
OUT C 
SC | ih 
e 7 . 
i 31.6K «4 1KHZ | 
= = 100K | 499K oe , 
l SELECTABLE FREQUENCY 
ReSRLASOIE ) CONSTANT Q FILTER 
ATTENUATOR = = 
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High Slew Rate Operational Amplifiers 4531 


GENERAL DESCRIPTION 


The RM4531 and RC4531 are high slew rate operational amp- 
lifiers intended for applications requiring slew rates up to 30V/ 
fs while keeping the DC performance of the 741. 


The RM4531 military version operates over a temperature 
range from —55°C to +125°C. The RC4531 operates from 0°C 
to +70°C. 


High slew rates are achieved through use of an improved input 
stage which tends to retain small signal characteristics when 
subjected to large differential input signals. Advanced integrated 
circuit layout techniques are used to eliminate thermal feed- 
back. The RM4531 and RC4531 feature offset null capability, 
high gain, and each can be compensated with an external 100pF 
capacitor connected between the output and compensation 
terminals. 


SCHEMATIC DIAGRAM 


i pt 


DESIGN FEATURES 

Slew Rate 35V/us 

Small Signal Bandwidth 1MHz 

Large Signal Bandwidth 500kHz 

Supply Voltage t6V to +18V 

Pin-for-Pin Replacement for 709, LM101A, 741 
Low Drift Offset-Null Circuitry 


Compensated with Single Capacitor 


O COMPENSATION 
[pir 


jo ea 


-INPUT L_]2 
+INPUT L__]3 


TE Metal Can Package D Dual In-line DN Dual In-line 


(Top View) 


Package Plastic Package 


(Top View) (Top View) 


Order Part Nos.: Order Part Nos.: Order Part No.: 
RM4531T, RC4531T RM4531D, RC4531D RC4531DN 
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4531 igh Slew Rate Operational Amplifiers 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage ........... re Hoey , RM4531: +22V Operating Temperature Range 
RC4531:+18V  § RM4531........... 00 cee eee -550C to +1250C 


Internal Power Dissipation (Note 1) ......... 500mMW | RC4531 .......... 2... eee eee ee 09C to +7090C 
Differential Input Voltage ..........00000 ee Lead Temperature (Soldering, 60s) .......... 300°C 
Input Voltage (Note 2) ............. -12.5V, +15V Output Short-Circuit Duration (Note 3) ..... 

Storage Temperature Range ........ —~659C to +1500C 


ELECTRICAL CHARACTERISTICS (Vs=+#15V, Ta = 25°C unless otherwise specified) 


PARAMETER CONDITIONS 


Input Offset Voltage Rs S 10kQ 
Input Offset Current 
Input Bias Current 
Input Resistance 


Large-Signal Voltage Gain Rs 2 2kQ, Vout = £10V 50,000 
Input Votlage Range (Note 2) 
Common Mode Rejection Ratio 
Supply Voltage Rejection Ratio 
Output Resistance 


Supply Current 


Rs S 10kQ 
Rs S 10kQ 


Power Consumption 
Setting Time, 1% 
‘Setting Time, .01% 
Large Signal Overshoot 


Ay = +1, Vin = +10V 
Ay = +1, Vin = £10V 
Ay = +1, Vin = £10V 
Ay = +1, Vin = 400mV 
Ay = +1, VIN = 400mV 
Avy = 100 

Ay = 10 

Ay = 1 (non-inv.) 


Small Signal Risetime 
Small Signal Overshoot 
Slew Rate 


Ay = 1 (inv.) 

The following specifications apply for -55°9C < Ta < +125°C for RM4531; 0°OC < Ta <+70°C for RC4531. 
Input Offset Voltage — Rs S 10kQ 

Input Offset Current TA = Tmin 

TA = Tmax 

Input Bias Current TA=Tmin 

TA = Tmax 


) 
oO 
Oo 


Large-Signal Voltage Gain 


Output Voltage Swing Ry 2 2kQ +10 
Common Mode Rejection Ratio | Rs < 10kQ 


Supply Voltage Rejection Ratio 
Supply Current TA = Tmax 


NOTES: 


1. Rating applies for case temperatures to +125°C; derate linearly at 6.5 mW/°C for ambient temperatures above +75°C for RM4531. 

2. For supply voltages less than +15V, the absolute maximum positive input voltage is equal to the supply votlage. The absolute maximum negative — 
input voltage decreased by 1 volt for every 1 volt decrease in the negative supply voltage. 

3. Short-circuit may be to ground to either supply Rating applies to +125°C case temperature or +75°C ambient temperature for RM4531. 


p 
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Dual High-Gain Operational Amplifier 4558 


GENERAL DESCRIPTION DESIGN FEATURES 


Supply Voltage +18 V 

Continuous Short-Circuit Protection 

No Frequency Compensation Required 

No Latch-Up 

Unity Gain Bandwidth 3 MHz 

Large Common-Mode and Differential Voltage Ranges 
Low Power Consumption 

Parameter Tracking Over Temperature Range 

Gain and Phase Match Between Amplifiers 


The 4558 integrated circuit is a high gain operational ampli- 
fier internally compensated and constructed on a single silicon 
chip using the planar epitaxial process. 


Combining all of the outstanding features of the 741 with the 
close parameter matching and tracking of a dual device on a 
monolithic chip results in unique performance characteristics. 
Excellent channel separation allows the use of the dual device 
in all single 741 operational amplifier applications providing 
the highest possible packaging density. It is especially well 
suited for applications in differential-in, differential-out as well 
as in potentiometric amplifiers and where gain and phase 
matched channels are mandatory. 


SCHEMATIC DIAGRAM 


OUTPUT 


CONNECTION INFORMATION 


AouTPuT |__| |} yt 
A-INPUT |_| | | B OUTPUT 
A+INPUT | | | | B -INPUT 
V- | | B+INPUT 
V ne 
NB Dual In-line 
TE Metal Can Package Plastic Package 
(Top View) (Top View) 
Order Part Nos.: Order Part Nos.: 
RC4558T, RM4558T RC4558NB, RV4558T 
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4558 _ Dual High-Gain Operational Amplifier 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage RM4558: +22V Operating Temperature Range .. RM4558: -55°9C to +1250C 
| RC4558: +18V RV4558: -40°C to +85°C 

Internal Power Dissipation (Note 1) RC4558: O0°C to +709C 

Differential Input Voltage . Lead Temperature (Soldering, 60s) 300°C 

Input Voltage (Note 2) Output Short-Circuit Duration (Note 3) 

Storage Temperature Range . 


RM4558 


MIN [TYP | MAX | 


| Input Offset Voltage 
Input Offset Current 


Input Bias Current 
Input Resistance 


Large-Signal Voltage Gain RL 
Vout = £10V 


0, 
Output Voltage Swing + 1 


Input Voltage Range 


Transient Response (unity gain) VIN = 20mV 
Re = 2kQ 
CL S 100pF 
Risetime 0.3 0.3 
Overshoot , 5.0 5.0 
een Ae 


Slew Rate (unity gain) Re 2 2kQ a oe: Oe el 


com ee] fe] | [=| Le 


The following specifications apply for -550C <Ta< +1250C for RM4558; 09°C < Ta < +709C for RC4558; 
-409C < Tp <+85°C for RV4558 


RgSt0KQ | tt 8 Pm 


Input Offset Current 
Input Bias Current 


Large-Signal Voltage Gain Re 2 2kQ 
Vout = +10V 


Re 2 2kQ 
Vs =+15V 
TA = +1250C 
TA = -55°9C 


PARAMETER CONDITIONS 


Voltage Gain Rp 2 2kQ 
Input Bias Current 

Input Offset Current 

Input Offset Voltage Rs 2 10kQ2 


NOTE 1: Rating applies for case temperatures to 125°C; derate linearly at 6.5mW/°C for ambient temperatures above +75°C for RM4558. 

NOTE 2: For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage. 

NOTE 3: Short circuit may be to ground or either supply. Rating applies to +125°C case temperature or +75°C ambient temperature for 
RC4558 and to +85°C ambient temperature for RV4558. 
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Dual High-Gain Operational Amplifier 


4558 


TYPICAL ELECTRICAL DATA 


" 


VOLTAGE GAIN dB INPUT BIAS CURRENT 


OUTPUT SWING - Vv 


QUIESENT CURRENT (mA) 
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Input Bias Current as a 
Function of Ambient Temperature 


TEMPERATURE C 


Open Loop Voltage Gain as a 
Function of Frequency 


0 
1 10 100 1K 10K 100K 1M 10M 


FREQUENCY -- Hz 


Typical Output Voltage as a 
Function of Supply Voltage 


SUPPLY VOLTAGE = + V 


Quiesent Current as a 
Function of Supply Voltage 


SUPPLY VOLTAGE ' V 


PEAK TO PEAK OUTPUT SWING v YOEERGCERO TN INPUT OFFSET CURRENT nA 


OUTPUT - mV 


Input Offset Current as 


a 
Function of Ambient Temperature 


Vs ° 


a 
< 


EY ARee 
PTT TTT 
| 
SU ET ET 
SB iMERERRES 


ae seeks 


Oo 10 20 30 40 50 60 
TEMPERATURE C 


Open Loop Gain as a 
Function of Temperature 


TEMPERATURE - C 


Output Voltage Swing as a 
Function of Load Resistance 


eer ae 
aa 


8 
0.1 0.2 05 10 2.0 5.0 
LOAD RESISTANCE —- KQ2 


Transient Response 


TIME - us 


Vv 


COMMON MODE VOLTAGE RANGE 


mw 


PEAK TO PEAK OUTPUT SWING V POWER CONSUMPTION 


OUTPUT VOLTAGE 


Common Mode Range as a 
Function of Supply Voltage 


| a 


VAL 
VALLI 


ZZ 


SUPPLY VOLTAGE + V 


Power Consumption as a 
Function of Ambient Temperature 


Oo 10 20 30 40 50 60 70 


TEMPERATURE -- C 


Output Voltage Swing as a | 
Function of Frequency 


100 1K 10K 100K 1M 


FREQUENCY - Hz 


Voltage Follower 
Large-Signal Pulse Response 
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4558 Dual High-Gain Operational Amplifier 
TYPICAL ELECTRICAL DATA 


Input Noise Voltage Input Noise Current 
as a Function of Frequency as a Function of Frequency 
1000 pee ~ 
Iz at x FEA 
ts Re Aon He 
> oo WLLL q NI iia 
- == Se ni — 
Q it 
< joa 
= ac 
o $V RS Sort Ser siti septs SET 3 = 
ase ii rh to nt ton Wu —— 
a iiiaiti haat 2 er aerate fo NG 
a a mii iii eH Hill ail 2 o aii aatiimaiiiii amit iam 
100 1K 10K 100K 1 10 100 1K 10K 100K 
FREQUENCY (Hz) FREQUENCY (Hz) 
Total Harmonic Distortion 
Channel Separation vs Output Voltage 
140 

CT TT tiéiB 
Eo 120 ae ee = a Vs +15V 
soo AINE MIE TPS. = Se 8-8 
Z 100 Mi B = Ay ~ 40dB8 
; HMM = 2B ane 
<= 80 —_ Rg = 1KQ2 
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uw «60 29 
7) cz 
— to . 
> 40 5 
2 ovseey_ ME CUE LM 
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10 100 1K 10K 100K 
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Distortion vs Frequency 
Vo = Ivrms 


Vs = + 
RIAA COMPENSATION 
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Dual Low-Noise Operational Amplifier 


4739 


GENERAL DESCRIPTION 


The RC4739 dual low-noise operational amplifier is fabricated 
on a single silicon chip using the planar epitaxial process. It 
was designed primarily for preamplifiers in consumer and in- 
dustrial signal processing equipment. The device is pin compat- 
ible with the “A739 and MC1303, however, compensation is 
internal. This permits a lowered external parts count and sim- 
plfied application. 


The RC4739 is available in molded dual in-line 14-pin package 
and operated over the commercial temperature range from 
09C to +700C. 


SCHEMATIC DIAGRAM 


vt 


INPUTS 
+ 


Vv 


CONNECTION INFORMATION 


A OUTPUT 
NC 
NC 
NC 
+A INPUT 
-A INPUT 


V- 


DESIGN FEATURES 


@ Internally Compensated Replacement for “A739 and 
MC1303 

@ Signal-to-Noise Ratio 76 dB (RIAA 10 mV ref.) 

Channel Separation 125 dB 

Unity Gain Bandwidth 3MHz 

Output Short-Circuit Protected 

0.1% Distortion at 8.5 V RMS Output into 2 kQ2 Load 


OUTPUT 


vt 
B OUTPUT 
NC 
NC 
NC 
+B INPUT 


B INPUT 


DB Dual In-line 
Plastic Package 
(Top View) 


Order Part No.: 
RC4739DB 
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4739 Dual Low-Noise Operational Amplifier 


ABSOLUTE MAXIMUM RATINGS 


Supply: Voltage 22254 64 eta he he Gs eee ES +18 V Storage Temperature Range -659C to +1509C 
Internal Power Dissipation (Note 1) Operating Temperature Range O°C to +700C 


Differential Input Voltage ..........-..0000.% +30 V Lead Temperature (Soldering, 60s) 
Input Voltage (Note 2) .......... 02000008. +15 V Output Short-Circuit Duration (Note 3) 


ELECTRICAL CHARACTERISTICS (Vcc = £15V, Ta = +25°C unless otherwise noted.) 


PARAMETER CONDITIONS | MIN TYP 
Input Offset Voltage RS<10kQ aie 

5.0 

R 


MAX UNITS 


3 


Input Offset Current Ee ee 
input Resistance ———SSSCSC=~C~‘“SC“‘CSCSC#C“‘“(N#(NW*SSC‘S CS 


< 
Large-Signal Voltage Gain £22k 
Vout = +10V 20,000 300,000 
[2 


Output Voltage Swing | RL>10kQ +14 
RL > 2kQ 113 


70 
[Power Consumption SSS 


Transient Response (unity gain) Vin = 20 mV 
Re = 2 kQ 
CL S 100pF 
Vin = 20 mV 
RE =2kQ 
Ci < 100 pF 


Slew Rate (unity gain) RE 22 kQ 


Broadband Noise Voltage Bw = 10-30 KHz 
Rs = 1 kQ2 


Channel Separation 


200 


Ol 
oO 
>) 
3/5 


= 
~ 


V/V 


O1 {Nh 
Oo |O 


wV/V 
mW 


10 150 
105 170 


Risetime 


7 
nm 


CO 
—_: 
oO 


Transient Response (unity gain) 
Overshoot 


V/us 


i) 
ol 


LVRMS 


i 


A 70°C unless otherwise specified. 


3.0 
7.0 


m 


— 
N 
o1 
th 
on 


=) 


30 
800 


on 
>) 
a) 


a ae 
ee eee 
| 0 
Large-Signal Voltage Gain RE 22kQ 
| Output Voltage Swing | RLS 2KQ | ttt PP 
Power Consumption Se es ees Sean ee 
| Tas7ooc tf | 
NOTES: 
1. Rating applies for ambient temperatures below +70°C. 
2. For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage. 
3. Short-circuit may be to ground, typically 45 mA. Rating applies to +125°C case temperature or +75°C ambient temperature. 
4. Refer to RC 4558 data sheet for RC 4739 typical characteristic curves. 


RAYTHEON COMPANY + SEMICONDUCTOR DIVISION + 350 ELLIS STREET » MOUNTAIN VIEW, CALIFORNIA 


1-64 


Dual Low-Noise Operational Amplifier 


4739 


TYPICAL ELECTRICAL DATA 


input Bias Current as a 
Function of Ambient Temperature 


INPUT BIAS CURRENT — nA 
INPUT OFFSET CURRENT —nA 


TEMPERATURE — °C 


Open Loop Voitage Gain as a 
Function of Frequency 


VOLTAGE GAIN — dB 
VOLTAGE GAIN 


FREQUENCY — Hz 


Typical Output Voltage as a 
Function of Supply Voltage 


OUTPUT SWING — V 
PEAK TO PEAK OUTPUT SWING — V 


4 6 8 10 12 14 16 18 
SUPPLY VOLTAGE =: V 


Quiesent Current as a 
Function of Supply Voltage 


QUIESENT CURRENT (mA) 
OUTPUT -- mv 


SUPPLY VOLTAGE + V 


Input Offset Current as a Common Mode Range as a 
Function of Ambient Temperature Function of Supply Voltage 


ee ee 
2S eee 


COMMON MODE VOLTAGE RANGE — V 
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TEMPERATURE - °C SUPPLY VOLTAGE + V 
Open Loop Gain as a Power Consumption as a 
Function of Temperature Function of Ambient Temperature 
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Dual Low-Noise Operational Amplifier 


TYPICAL ELECTRICAL DATA 


Input Noise Voltage as a Function of Frequency 
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Total Harmonic Distortion vs Output Voltage 


Vs = +15V 
RL = 2K 
Ay = 40 dB 
f=1kHz 
Rs = 1KQ 


TOTAL HARMONIC DISTORTION 
ON @) 1 kHz (%) 


Distortion vs Frequency Vo = ivrms 


Vg = #30V 
RIAA COMPENSATION 


TYPICAL APPLICATIONS 


Stereo Tone Control 
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TOTAL HARMONIC DISTORTION (%) 
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Wideband Amplifiers 
CONTENTS 
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702 __-- Wideband DC Amplifiers 


GENERAL DESCRIPTION | DESIGN FEATURES 
The RM702 and RC702 are complete DC amplifiers constructed @ Low Offset Voltage 
on a single silicon chip, using the planar epitaxial process. @ Low Offset Voltage Drift 


They are intended for use as operational amplifiers in minia- ; ce 
turized analog computers, as precision instrumentation ampli- @ Wide Bandwidth 30MHz Typical 
fiers, or in other applications requiring a feedback amplifier @ High Slew Rate 5.0V/us Typical 
useful from DC to 30MHz. Saas 


The RM702 operates over a temperature range of —55°C to 
+125°C. The RC702 onerates over a range of O°C to +70°C. 


SCHEMATIC DIAGRAM 


-INPUT [_] 
eowe +INPUT [1] 


DC Dual In-line 
TE Metal Can Package Flat Package Package 
(Top View) (Top View) (Top View) 


Order Part Nos.: Order Part No.: Order Part Nos.: 
RM702T, RC702T RM7020 RM702DC, RC702DC 
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Wideband DC Amplifiers 702 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage .. 0.0... ce ee ee ee ee ee ee £8,0V Operating Temperature Range : : 
Differential Input Voltage ................. $5.0V -55 C to +125 C 
Common Mode Input Voitage .............. +6.0V QO Cto+70 C 


Output Current 10mA Storage Temperature Range 
Internal Power Dissipation (Note 1) 500mW Lead Temperature (Soldering, 60s) 


neon | mn ae eT EE 
[Input Offset Voltage [Rs 2kQ— | dtl | 8 || 7 | 0 | mv _| 
input Otfeet Current 20 8 8 
input Biss Curent | |] 28] 75 || 16 | 60 | ak 
fineut Reams Oe ee 
input Vote Range a is 
ASSO, Tee ee ae 
tre Sa Votone Gun [RLS TOOK. Vour=sEBV | po00_[si0e | wooo | T 

RLS 100KM, VouT=225V. | | | 500 | 800] 1500 | 
Oupat Resstence 0 800 800 
Vour=0 pao ar tan [33 [ma 
[Power Consumption [Vout =O 80 8 mi 
Transient Response Cy = 0.01pF, Ry = 2082,, 


Risetime 
Overshoot 


(unity-gain) Rie S 100kQ, Vin = 10mV 


CL 2 100pF 


os 


Transient Response 


(x100 gain) Risetime |R_L = 100kQ, 
Overshoot |ViN = imV % 
The following specifications apply for OC < Ta <+70 C. 


Pinput Offset Voltage [SS AKQ_— 
Average Temperature Coefficient] Rs = 500, 
“otinput ort Voltage |Ta=s70%Cioo'e | 
[Input OffsetCurrent | 
Average Temperature Coefficient ITA=25Cto+70C | | 
jinn aoe 
input Bias Current ————S«dtTA SOC CdS 
input Resistance ———si| SS SCSC~S~S SC 
| 65 
| 1500 _| 


NO NO 
1G 


NO} oN 
| © 


N ™ do § 
O1 Vion oO 
3 


Common Mode Rejection Ratio | Rs S 2kQ, f < 1kHz 


Supply Voltage Rejection Ratio | Vt=12V, V-= 6V to VT=6V, 


~=3V,Rs<2kQ 
Large Signal Voltage Gain Re 2 100k22, Vout = +5.0V 


RL > 100kQ, Vout = £2.5V 


Output Voltage Swing RL = 100kQ 
RL = 10kQ 


[Supply Current _———~*éVouT=0 erie 
[Power Consumption [Vout =0 cae 


I+ 


5.3 
4.0 


I+ 


sI~ | 8 — 
51 en) S| 5 N 


sis] | 13 
eS ° 
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702 Wideband DC Amplifiers 


ELECTRICAL CHARACTERISTICS = rmz702 (TA = 25°C unless otherwise specified) 


PARAMETER CONDITIONS V# = 12.0V, V~ = -6.0V | Vt = 6.0V, V- = -3.0V UNITS 


ec 
P8880 [00800] 
Fnput Bias Guret | SSS—~dCid 2 8 
nC 
CL SRS SO SF  _ 


Large Signal Voltage Gain RL 2 100kQ2, VouT = +5.0V oe ae Soe 
R aaaasciabaaain: = 100k22, VoUT = aon 


| Output Resistance Resistance | 500 | =| 300 | 700 | Q | 
eer fae arpa 
ee 


Transient Response C; =0.01uF, Ry = 2022, 
uoity- gain) RL > 100k, Vin = 10mV 


100pF 
The rorpwne specifications apply for -559C < Tap < +1250. 


C3 = 50pF, 
Ry 2 100k2, 
Pinout OftatVorage —[AS<am TTY Td AO 
Average Temperature ass —— to +1250C p—_{| 28 | 19 | {36 | 15 | awit 


VIN = ImV 
oltage 


Input Offset Current a +1250C 
Average Temperature 7 25°C to +1250C 


eel 
rn ee 
8 
Current 
|| 43 : 
2 ee ae 
i. 4 


Risetime 


Overshoot} Cy > 


Transient Response 
(x100 gain) 


Risetime 


Overshoot 


a 
Common Mode Rejection Ratio < 2kQ, f S 1kHz 


95 
Supply Voltage Rejection Ratio ae = 12V, V- = -6V to p75 | 20 | wv 
Vt=6V, V- =-3V 75 200 ywV/V 
RsS 2kQ 
_Large Signal Voltage Gain | RE > 100k, Vout = +5.0V | 2 | RE > 100k, Vout = +5.0V | VOUT = +5.0V | 2000; | 7000{ |; | ff . 
ra > iow? [sas] #0] [1s 20 [|v — 


ae 2 eerie 
a a ee 
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Differential Video Amplifiers 733 


GENERAL DESCRIPTION 

The RM733/RC733 integrated circuit is a monolithic video memory systems, very high speed random access memory 
amplifier with differential inputs and differential outputs. It systems, Communications systems, nuclear event instrumenta- 
offers three selectable voltage gains of 10, 100, or 400 and tion, frequency counters, and other systems where the specific 
adjustable gain of 10 to 400 using a single resistor. No external design features of the RM733/RC733 are required. 


frequency compensation is necessary for any gain option. The 


ee ; ee : : The RM733 video amplifier will operate over the complete 
circuit and process designs are optimized to give a stable gain 


ae military temperature range from —55°C to +125°C while the 

(+10%), wide bandwidth (DC to 120MHz), high input resis- o ° 
, , ] R + : 
tance (250kQ2), and low phase shift that is linear up to 1OMHz commercial version, the RC733, operates from 0 C to +70'C 


(2° per MHz). DESIGN FEATURES 


The RM733/RC733 is designed for use as a read head amplifier @ Wide Bandwidth DC to 120MHz 
for magnetic tape, drum, or disc memories using phase of NRZ © Low Linear Phase Shift 27/MHz to 10MHz 
encoding. It will also function as a preamplifier for high speed 
film or plated wire memory systems; as a video or pulse ampli- @ Selectable Voltage Gains 10, 100, or 400 
e 
e 


fier, pulse height detector, peak detector. Excellent Pulse Characteristics 
Applications for the RM733/RC733 include bulk computer High Input Resistance 250k 


SCHEMATIC DIAGRAM 


INPUT 1 
OO 


O 
G2A 

GAIN 

SELECT 


CONNECTION INFORMATION 


GAIN SELECT 


NOTE: Pin 5 connected to case. 


TF Metal Can 
Package 
(Top View) 


Order Part Nos.: 
RM733T 
RC733T 
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133 | Differential Video Amplifiers 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage .. 0.2... e cee ee eee +8,.0V Operating Temperature Range — | | | 
Differentail Input Voltage .... 1... 2. eee eee +5.0V RM7S3: 6 Sas ees a ae, -550C to +1250C 
Common Mode Input Voltage ...........006. +6.0V BOI BOA 65e Fond Are S Goa aoa ete er 0°C to +700C 
Input GUMERE siacd oe Sas Eos OO Ppa 10mA Storage Temperature Range ........ -65°9C to +1500C 
Internal Power Dissipation (Note 1) ......... 500mW Lead Temperature (Soldering, 60s) .......... 300°C 


ELECTRICAL CHARACTERISTICS (Note 2) 


PGain2 [SSS 80 | 100 | 110 | 80 | 100 | 120 


PsinsfSSSCS~d BO POT vo [2 


Bandwidth 


Risetime Gain 1 


[eain3 | 


Propagation Delay 


Input Resistance 


Input Capacitance 


Fieput OreerGurent | SSCSC~C~SCSC‘“dSC YB] OB 
A 
Taput Noise Voltage __——_—~«diRG= SOT BW=iKHevovOMMMe) [12 {| | 12 |__| avis 
FioputvoruseRange—YS«d Ot] 
Common Mode Rejection Ratio Gain 2 IVom=+1V,R<100kHz | 60, 
ain 
vow=siv.t=suie | [60 

[Suply Voltage Rejection Ratio Gain? [AVs==08V_—| 80 

Ete eee ee 


pf — 
rela 
pp] 

Gain 2 0.35 ; 0.35 V 

amit 


= 
zee 
[a Pas aa 2a fe 
Cs 
_ 
aa 


ae 


ae 
Ba 
NOTES: 


1. For RM733 the rating applies for case temperature to +125°C; derate linearly at 6.5 mW/°C for ambient temperature above 75°C. For RC733, the 
rating applies for ambient temperatures to 70°C. 

2. Vg = +6.0V; Ta = 25°C unless otherwise noted. 

3. Gain 1: G1A and G1B connected together; Gain 2: G2A and G2B connected together; Gain 3: Gain select pins open. 
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Differential Video Amplifiers 733 


ELECTRICAL CHARACTERISTICS 
(The following specifications apply for -55°C <T, < 125°C for the RM733 and OC <T, <70°C for the RC733, Vs = +6.0V) 


PARAMETER CONDITIONS 


Differential Voltage Gain 
Gain 1 


Common-Mode Rejection Ratio 
Gain 2 


Supply Voltage Rejection Ratio 
Gain 2 


Output Offset Voltage 
Gain 1 


Gain 2 and 3 


Output Voltage Swing 
Output Sink Current 
Power Supply Current 
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THE NEW 3403A. 


OUTPERFORMS 
FASTER SLEW RATE. 
DISTORTION FREE. 


Raytheon Semiconductor's new from the leader in linear quads. 
3403A Quad Op Amp gives you _ For complete details and 
a faster slew rate and absolutely |= your own Quad/Dual brochure, 
no output distortion, plus other contact Raytheon Semiconductor 


improved AC and DC character- __ or your local distributor. For your 
istics. The 3403A is significantly free sample, write Raytheon 
better than either the standard Semiconductor on your company 
MC3403 or LM324. And it’s pin letterhead. 
compatible too. Our 3403A | 
is simply the best quad 
op amp 


y 
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Voltage Regulators 
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104 204 304 Precision Negative Voltage Regulators 


GENERAL DESCRIPTION DESIGN FEATURES 


The LM104, LM204, and LM304 are precision voltage regula- @ No-Load to Full-Load Regulation 1mV 

tors which provide programmable output voltage levels. With @ Line Regulation 0.01%/V 

an external resistor the voltage levels can be programmed from 

AOV down to OV. | @ Ripple Rejection 0.2mV/V = a8 
e 


eC oO ° 
These devices are primarily designed for systems requiring Temperature Stability 0.3% from -55 C to +125 C | 


regulated negative voltages which have a common ground with 
the unregulated supply. They are complements of the LM105/ 
LM305 positive regulators. 


The LM104 series can also be used as switching or current 
regulators, or in a variety of control applications. Both con- 
stant and foldback current limiting are available. 


The LM104 operates over the military temperature range of 
-55°C to +125°C. The LM304 is the commercial version 
which operates from O°C to +70°C. The LM204 is the same as 
the LM104 except its performance is guaranteed from —25°C 
to +85°C. 


SCHEMATIC DIAGRAM 


ADJUSTMENT 9 


REGULATED 
OUTPUT 


BOOSTER 
QUTPUT 


UNREGULATED 
INPUT 


« e 
REFERENCE REFERENCE 
SUPPLY 


CONNECTION INFORMATION 


Vout “tov 
lout’ 24 


tSolid Tantalum 


Switching Regulator 


TF Package 
(Top View) 


Solid Tantalum 

*60 turns #20 
on Arnold 
Engineering 
A930157-2 
Molybdenum 
Permalloy Core. 
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Order Part Nos.: 
LM104H, LM204H, 
LM304H 


104 204 304 


ABSOLUTE MAXIMUM RATINGS 


LM104/LM204: 50V 
LM304: 40V 
Input-Output Voltage Differential .. LM104/LM204: 50V 


Input Voltage 


—55°C to +125°C 
—25°C to +85°C 
0°C to +70°C 


LM304: 40V 
Power Dissipation (Note 1) Storage Temperature Range 


Lead Temperature (Soldering, 10s) 


ELECTRICAL CHARACTERISTICS (Note 2) 


PARAMETER CONDITIONS 


Output-Input Voltage |lo = 20mMA 
Load Regulation 0<I9 S20mMA 
(Note 4) Rsc = 1622 
Line Regulation Vout <—5V 
(Note 5) AVin = 9.1 Vin 


Cig = 10uF, f = 120Hz 
Vin <—15V 


Ripple Rejection 


—7V >Vin 2-15V 


Output Voltage 
Scale Factor 


Temperature 
Stability 


10Hz S f < 10kHz 
Vo S—-5V,Ci9 = 0 


Standby Current 
va 
NOTES: 


Output Noise 
Voltage 


Long Term Stability 


account separately when the unit is operating under conditions of 


1; 


The maximum junction temperature of the LM104 is 150°C and the 
LM304 +85°C. For operating at elevated temperatures, devices in 
the TO-5 package must be derated based on a thermal resistance of 
+150°C/W, junction to ambient, or +45°C, junction to case. For the 
flat package, the derating is based on a thermal resistance of +185° C/W 
when mounted on a 1/16-inch-thick epoxy glass board with ten, 
0.03-inch-wide, 2-ounce copper conductors. 


. These specifications apply for junction temperatures between —55°C 


and +150°C (between 0°C and +85°C for the LM304) and for input 
and output voltages within the ranges given, unless otherwise speci- 
fied. The load and line regulation specifications are for constant 
junction temperature. Temperature drift effects must be taken into 


high dissipation. 


. When external booster transistors are used, the minimum output- 


input voltage differential is increased, in the worst case, by approx- 
imately 1V. 


. The output currents given, as well as the load regulation, can be in- 


creased by the addition of external transistors. The improvement 
factor will be roughly equal to the composite current gain of the 
added transistors. 


. With zero output, the dc line regulation is determined from the ripple 


rejection. Hence, with output voltages between OV and —5V, a dc 
output variation, determined from the ripple rejection, must be 
added to find the worst case line regulation. 


PRAYTHEON RAYTHEON COMPANY + SEMICONDUCTOR DIVISION + 350 ELLIS STREET » MOUNTAIN VIEW, CALIFORNIA 


3-3 


105 205 
305/305A 


Positive Voltage Regulators 


GENERAL DESCRIPTION 


The LM105 series are positive voltage regulators, each con- 
structed on a silicon chip by the planar epitaxial process. 


They are similar to the LM100, except for an extra gain stage 
to improve regulation. In both linear and switching regulator 
circuits with outputs greater than 4.5V, these devices are 
direct plug-in replacements for the LM100. 


The LM105 military version operates from —55°C to +125°C. 
The LM305/LM305A are commercial versions which operate 
from 0°C to +70°C. 


These regulators feature fast response to load and line tran- 
sients, freedom from oscillations with varying resistive and 
reactive loads, and reliable starts on any load within ratings. 


The LM205 is the same as the LM105 except its performance 
is guaranteed from —25°C to +85°C. 


SCHEMATIC DIAGRAM 


CONNECTION INFORMATION 


CURRENT 
LIMIT 


UNREGULATED 
INPUT 


DESIGN FEATURES 


@ Output Voltage Adjustable from 4.5V to 40V 


@ Output Currents in Excess of 10A by Adding External 
Transistors 


@ Load Regulation Better Than 0.1%, Full Load With Current 
Limiting 


@ DC Line Regulation Guaranteed at 0.03%/V 
@ Ripple Rejection of 0.01%/V 
@ 45mA Output Current Without External Pass Transistor 


© UNREGULATED INPUT 


O BOOSTER OUTPUT 


O CURRENT LIMIT 


O REGULATED OUTPUT 


COMPENSATION 
SHUTDOWN 


© FEEDBACK 


© REFERENCE BYPASS 


REGULATED 
OUTPUT 


REFERENCE 
BYPASS 


GROUND 
(CASE) 
TE Metal Can Package 
(Top View) 
Order Part Nos.: 
LM105H, LM205H, 


BRAY THEONG 
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105 205 
Positive Voltage Regulators 305/305A 


ABSOLUTE MAXIMUM RATINGS 


Input Voltage ....... LM105, LM205, LM305A: 50V ~—--—~ Operating Temperature Range 
LM305:40V  LM105.............. ee. eis -55°C to +150°C 
Input-Output Voltage Differential .............. 40V = -LM205...................04.0. —25°C to +85°C 


Power: Dissipation (Note 1) UM305/305/A). iit Metiard merece nace 0°C to +70°C 
LM105, LM205, LM305A ............... Storage Temperature Range ........ ~65°C to +150°C 
ee ee eae eee eee eee Lead Temperature (Soldering, 10s) .......... 


ELECTRICAL CHARACTERISTICS (note 2) 
PARAMETER CONDITIONS 


Input Voltage Range LM105/205/305A 
LM305 


Output Voltage Range LM105/205/305A 
LM305 
Output-Input Voltage Differential 


Load Regulation (Note 3) | LM105 0<IQ <12mA 
Rsc = 10Q, Ta = 25°C 
Rsc = 10Q, Ta = 125°C 
Rsc = 102, Ta = -55°C 
LM205 0<IQg<12mA 
Rsc = 102, Ta = 25°C 
Rsc = 102, Ta = 85°C 
Rsc = 100, Ta =-25°C 
LM305A 0<19 <45mA 
Rsc = 02, Ta = 25°C 
ak =00, Tas =70C 
Rsc = 02, Ta =0°C 
LM305 0<IQ<12mA 
Rsc = 102, Ta = 25°C 
C4 = : io, 7 ; re 
Rsc = 102, TA =0°C 


Line Regulation VIN - VoUT S5V 

Ripple Rejection CREF = 10uF, F = 120Hz 

Temperature Stability -55 C<Ta< 125°C 
-25 C<Ta<85C 
O°C<Ta<70°C 


NS) 


| MAX | 
| 50 
| 40 
| 40__| 
es ed 
PRsc=102,Ta= 25°C | 0.05 _| 
|Rsc=100,TaA=125°C 
|Rsc=102,Ta=-55°C Ot 
sO NS NS see el aS 
| Rsc=102,Ta=25C | 0.05 _| 
PRsc=102,Ta=85C | 0.1 | 
[Rsc=100,Ta=-25°C Ot) 
}OSIgS<45mA a 
|Rsc=02,Ta=25C 
| 0.4 
eel 
| 0.05 _| 
| 0.1 
| 0.1 | 
| 0.06 _ | 
| 0.03 _| 


.03 
.01 


O;O 


Output Noise Voltage 10Hz < f < 10kHz 
CREF =0 
CREF > 0.1uF 
VIN = 50V 
Long Term Stability eee See 
See Notes on following page. 
TYPICAL APPLICATIONS 


10A Regulator with Foldback Current Limiting 


: ets ee Arnold Engi i 
lid tantalum a urns = on Arno ngineering 
Terocteoitie * 7 A262123-2 molybdenum permalloy core. 
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105 205 © 
305/305A Positive Voltage Regulators 


ELECTRICAL CHARACTERISTICS (Note 2) 


| ~ PARAMETER | CONDITIONS 


Input Voltage Range LM105/205/305A 
~ | LM305 

‘Output Voltage Range ‘| LM105/205/305A 
LM305 


Output-Input Voltage Differential 


Load Regulation (Note 3) | LM105 0<IQ<12mA 
Rsc = 102, Ta = 25°C 
Rsc = 102, Ta = 1250C 
Rsc = 102, TA = -55°0C 


LM205 0<IQ <12mA_ 

Rsc = 102, Ta = 25°C 

Rsc = 1082, TA = 85°C 

Rsc = 10, Ta = -250C | 


LM305A 0< 19 <45mA 
Rsc = 022, Ta = 259C 
Rsc = 02, Ta = 70° 
Rsc = 02, Ta = 09°C 
LM305 0<I9 <12mA 
Rsc = 102, Ta = 25°C 
Rsc = 150, Ta = 70°C 
| Rsc = 102, Ta = 00°C 


Line Regulation VIN - VOUT S5V 
| Vin - VouT > 5V 


TYP MAX UNITS 


aw 
oO 


wo 
oO 
oO 
oO 


0.03 


0.03 % 


0.03 


jon) 
RO 


: 2 
ah 
ae 


© 
fo) 
NO 
a 
= 
=) 
oO 
se 
ele : 


CREF = 10UF, F = 120 Hz 0.003 %IN 
Temperature Stability -559C < Ta <1250C 
-250C < Ta < 85°C 0.3 1.0 % 
0°C < Ta < 70°C 0.3 1.0 
ee Rsc= 100, Ta=25° | a9 | ooo | ars | mv 
Feedback Sense Voltage |LM105/205/305 | = | 1.63 1.81 


Output Noise Voltage 10Hz <f S 10kHz 
CREF =0 


foo] 
1.55 | 
Lee 
el 
CREF > 0.1pF a 
ovata dl 
een! 
oes 


3s 


NIN 
3 
> 


Standby Current Drain LM305 | VIN = 40V 
LM105/205/305A VIN = 50V 
Long Term Stability 


NOTES: 

. The maximum junction temperature of the LM105 is 150°C and 85°C for the LM305. For operating at elevated temperatures, devices in the TO-5 
package must’ be derated based on a thermal resistance of 150°C/W junction to ambient, or 45°9C/W junction to case. For the flat package, the 
derating is based on a thermal resistance of 185°C/W when mounted on a 1/16-inch thick epoxy glass board with ten, 0.03-inch-wide, 2-ounce 
copper conductors. Peak dissipations to 1W are allowable providing the dissipation rating is not exceeded with the power averaged over a five 
second interval, for the LM105, and averaged over a two second inverval for the LM305. 

. These specifications apply for input and output voltages within the ranges given, and for a divider impedance seen by the feedback terminal of 
2k82, unless otherwise specified. The load and line regulation specifications are for constant junction temperature. Temperature drift effects must 
be taken into account separately when the unit is operating under conditions of high dissipation. 

3. The output currents given, as well as the load regulation, can be increased by the addition of external transistors. The improvement factor will 

be roughly equal to the composite current gain of the added transistors. 

4..No external pass transistor, 
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Monolithic 5-Volt Regulators 


109 209 309 


GENERAL DESCRIPTION 


The LM109 and LM309 are monolithic 5V regulators each 
constructed on a single silicon chip. They incorporate current 
limiting to limit the peak output current to a safe value. Also 
to prevent damage from excessive internal heat, the regulators 
include thermal shutdown circuits. 

The military version, LM109 operates from —55°C to +150°C. 
The LM309, the commercial version, operates from O°C to 
+125°C, The LM209 is the same as the LM109 except its per- 
formance is guaranteed from —25°C to +85°C. ’ 

These devices are designed for local regulation on digital logic 
cards, eliminating distribution problems associated with single- 
point regulation. To simplify their application, the regulators 
require a minimum number of external parts. Input bypassing 
may be required when the regulators are situated an appreci- 
able distance away from the power supply filter capacitors. 


SCHEMATIC DIAGRAM 


input © © \ourrut 


CONNECTION INFORMATION 


O 


GROUND 


LK (TO-3) Package 
(Bottom View) 


Order Part Nos.: 
LM109K, LM209K, 
LM309K 


To improve transient response, output bypassing can be 
incorporated. 

The regulators may be set to regulate voltages above 5V. 

The LM109, LM209, and LM309 are available in the solid- 
kovar TO-5 header and the TO-3 power package. The TO-5 
package can handle currents in excess of 200mA with ade- 
quate heat sinking. The TO-3 package can handle currents in 
excess of 1A. 


DESIGN FEATURES 
@ Output Current in Excess of 1A 


Internal Thermal Overload Protection 


No External Components Required 
Specified Compatible, Worst Case, with TTL and DTL 


@ }output 
@ 


GROUND 


TH (TO-5) Package 
(Top View) 


Order Part Nos.: 
LM109H, LM209H, 
LM309H 


RAYTHEON 
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109 209 309 Monolithic 5-Volt Regulators 


ABSOLUTE MAXIMUM RATINGS 


Input Voltage Operating Junction Temperature 
Power Dissipation Internally Limited 09 —55°C to +150°C 


Storage Temperature —65°C to +150°C ~25°C to +150°C 
Lead Temperature (Soldering, 10s) +300°C 0°C to +125°C 


ELECTRICAL CHARACTERISTICS 


PARAMETER CONDITIONS 


Output Voltage T, = 25°C 4.7 


Line Regulation T; = 25°C 
7.0V SVin S 25V 


T, = 25°C 
LM109H | mA <lout <0.5A 
LM109K 5BmV Slout <1.5A 


7.0V S Vin S 25V 
5mA S lout S!Imax 
P<Puax 


~ 
[Guiicot Goren «dV Vw Sv | 
ee wal 
- 
— 


Load Regulation 


Output Voltage 


Quiescent Current Change 7.0V SVin S25V 
| 5mAS< lout SImMax 


Output Noise Voltage Ta = 25°C 
: 10Hz <f < 100kHz 


Long Term Stability 


NOTES: 
1. Unless otherwise specified, these specifications apply for —55°C < Tj < 150°C (0°C < T; < 125°C, for the LM309), Viyy = 10V and lout = 0.1A 
for the TO-5 package, or lout = 0.5A for the TO-3 package. For the TO-5 package, Imax = 0.2A and Pyax’= 2.0W. For the TO-3 package, 


IMAX = 1.0A and Prax = 20W. 
2. Without a heat sink, the thermal resistance of the TO-5 package is about 150°C/W, while that of the TO-3 package is approximately 35°C/W. 


TYPICAL APPLICATIONS 
Fixed 5V Regulator Adjustable Output Regulator 
INPUT OUTPUT 
5V 
0.22 uF oa 
*Required if regulator is tAlthough no output 
located an appreciable —— capacitor is needed for 
distance from power stability, it does improve 
supply filter. transient response. 


Current Regulator 
INPUT 


C1 
0.22 uF 
i OUTPUT 


= *Determines output current. 
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Precision Voltage Regulators 723 


GENERAL DESCRIPTION DESIGN FEATURES 


The RM723/RC723 integrated circuits are monolithic voltage @ Positive or Negative Supply Operation 
regulators constructed on a single silicon chip. They consist of 
a temperature compensated reference amplifier, error amplifier, 
a power series pass transistor capable of 150mA, and current 
limiting circuitry. 


Series, Shunt, Switching or Floating Operation 

0.01% Line and Load Regulation 

Output Voltage Adjustable from 2V to 37V 

Output Current to 150mA Without External Pass Transistor 


They feature low standby current drain, low temperature drift 
and high ripple rejection. 


These devices are designed for use as a logic card regulator, 
small instrument power supply, or, by use of an external pass 
transistor, as a negative or floating regulator. They may also 
be used where local voltage supply regulation is required for 
linear and digital circuits. Provision is made for adjustable cur- 
rent limiting and remote shutdown. 


The RM723 operates over the full military temperature range 
from —55°C to +125°C. The RC723 operates from O°C to 
+70°C. 


SCHEMATIC DIAGRAM 


rari 


CURRENT 
LIMIT 


O CURRENT 
SENSE 


Brews 
ov, 
weil O COMPENSATION 


CONNECTION INFORMATION 


CURRENT 
LIMIT 


CURRENT 


DC and DB 
Dual In-line Package 
(Top View) (Top View) 


Order Part Nos.: Order Part Nos.: 
RM723T, RC723T RM723DC, RC723DC, 
RC723DB 
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TF Metal Can Package 


723 | Precision Voltage Regulators 


ABSOLUTE MAXIMUM RATINGS 


Pulse Voltage from Vt to V~ (50 ms) | : Internal Power Dissipation—DIP (Note 1) 
Continuous Voltage from Vt to V~ Operating Temperature Range . 
Input-Output Voltage Differential | 0°C to +70°C 


Maximum Output Current —55°C to +125°C 
Current from Vz Storage Temperature Range —65°C to +150°C 
Current from VRer | Lead Temperature (Soldering, 60s) 

Internal Power Dissipation-Metal Can (Note 1)... 9OOmW 


ELECTRICAL CHARACTERISTICS (Note 2) 


~ PARAMETER 


CONDITIONS 


Vin = 12V to Vin = 15V fan Ter [Poor 
Vin = 12V to Vin = 40V 


esas 
—55°C <Typ <+125°C, 03 
Vin = 12V to Vin = 15V 
IL = ImA to | = 50mA [ [eos fois 
—55°C <Tp <+125°C, a Vout 
lL = 1mA tol, = 50mA 
f= 6OHz to 10kHz, Cree = ee ne 


f = 50Hz to 10kHz, Creer : = a 


~55°C <T, <+125°C (RM) 
0°C <Ta 70°C (RC) 


Line Regulation 


Load Regulation 


Ripple Rejection 


Average Temperature 
Coeffieient of Output 
Voltage 


Short Circuit Current Rsc = 102, Vout = 0 
Limit 


Output Noise Voltage ER pee 


ee eee ie EB 1 


Standby Current I, = 0, Vin = 30V, Vo = Vrer 
Drain 


Tapa vorane Rane [8 
Cr nae Eo Ie 8 me We 


Input- Suicin Vole 


NOTES: 

1. Derate metal can package at 6. amwrc and dual in-line package at 7. amw/ Cc ‘ci operation at ambient temperatures above +25°C. 

2. Unless otherwise specified, Ta = 25°C, Vin = Vt = Vc = 12V, V7 = 0, Vout = BV, IL = 1MA, Rgc = 0, Cj = 100pF, Creg = 0, divider impe- 
dance as seen by error amplifier <10kQ. 

3. For metal can applications where Vz is required, an external 6.2 zener should be connected in series with VouT. 
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Dual Tracking Voltage Regualtors 4194 
SE Noe eg 


GENERAL DESCRIPTION DESIGN FEATURES 
The RM4194 and RC4194 are dual polarity tracking regula- @ Simultaneously Adjustable Outputs With One Resistor to 
tors designed to provide balanced or unbalanced positive and +42V 


negative output voltages at currents to 200mA. A single ex- 
ternal resistor adjustment can be used to change both outputs 
between the limits of t50mV and +42V. 


| 4 


Load Current +200mA with 0.2% Load Regulation 
Internal Thermal Shutdown at T; = 175°C 
External Balance for Vg Unbalancing 


3W Power Dissipation 


These devices are designed for local ‘‘on-card’”’ regulation, 
eliminating distribution problems associated with single-point 
regulation. To simplify application the regulators require a 
minimum number of external parts. 


The device is available in two package types to accommodate 
various power requirements. The TK (TO-66) power package 
can dissipate up to 3W at T, = 25 °C. The D 14-pin dual in-line 
will dissipate up to 9OOmW. 


SCHEMATIC DIAGRAM 


POSITIVE VOLTAGE AMPLIFIER 


RO RSET 


REFERENCE UNIT 


aaa 
ie ares 


pa 


CONNECTION INFORMATION 


-Vin (Case) 
ra 
COMP - Vo7 
COMP + (6) 6 a RSET 
Vo* GNO 
yt 
TK (TO-66) Package D Dual In-line Package 
(Bottom View) (Top View) 
Order Part Nos.: Order Part Nos.: 
RC4194TK, RM4194TK RC4194D, RM4194D 
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4194 Dual Tracking Voltage Regulators 


ABSOLUTE MAXIMUM RATINGS 


Input Voltage tV to Ground RM4194: +45V Load Current 
RC4194: +35V D Package 


Input-Output Voltage Differentail RM4194: +45V TK Package 
RC4194: +35V Operation Junction Temperature Range 


Power Dissipation at Ta = 25°C -559C to +1500C 
D Package 09C to +1250C 


TK Package , Storage Temperature Range ~650C to +1500C 
Lead Temperature (Soldering, 10s) +3000C 


ELECTRICAL CHARACTERISTICS ¢5<VouT<Vmax: RM4194: -55°C<T;|<+1 25°C; RC4194: 0OC<T}<+700C) 


4194 
PARAMETER CONDITIONS Begs UNITS 
; 


4194TK: IL = 1 to 200mA 
4194D: IL = 1 to 100mA 


va 


T socueecsuegeaee fa XI 

Stand-By Current Drain +1.0 ra ea Ee 
(Note 1) VIN = VMAX, Vo = OV -20 | [| -12 | -3.0 | i 
Rset = 71.5K, Tj = 250C 2.38 


Rset = 71.5K 


Input-Output Voltage 
Differential 


CL =4.7uF, Vo = t15V 
f = 10Hz to 100KHz 


CONDITIONS 


TA = 250C 
Tc = 250C 
Thermal Resistance Junction to Ambient, 0j_A 128°C/W | 41.69C/W 
Junction to Case, 0j_¢ 550C/W 7.150C/W 
NOTE: 


+! Quiescent Will increase by 50uA/VouT On positive side and 100uA/VQuT on negative side. 
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Dual Tracking Voltage Regulators 


4194 


TYPICAL ELECTRICAL TEST DATA 


Ripple Rejection 


Output Tracking Over Temperature 


OM TM 

UT vosrey | TIM HTM 

SUT | 

Bn Amn ET 

Hie Th MTL 
Dat 


100 1K 10K 100K 
FREQUENCY (Hz) 


RIPPLE REJECTION (dB) 
PERCENT OF OUTPUT VOLTAGE 


TEMPERATURE (°C) 


Tracking of outputs vs. temperature 


.C. for positive regulator 
.C. for negative regulator 


C+ 
-RM4194 


4.7 uF 


Rg (kQ) = 2.5 VguT 


Unbalanced Output Voltage — Comparator Application 


C+ 
RM4194 


+ 
Ro (kQ) = 2.5 VouT = 
Adjust Rg for -Vg = -6V (15KS2) then 
Adjust Rg for +Vg = +42V (20K2) 


High Output Current Application 
2N4905 or equiv. 


-50 -25 O +25 +50 +75 +100 +125 


Load Regulation 


‘f + +125 C 


40 80 120 160 200 240 
LOAD CURRENT (mA)=—————~ 


OUTPUT VOLTAGE 
DEVIATION (mV) 


To Additional Op Amps 


(Typically 180 74 1's) 


To Additional Op Amps 


-Vs = 15 


+Vs = 12V 


To Additional Comparators 


(Typically 38 RM710’s) 


To Additional Comparators 
-Vs = -6V 


2N2297 or equiv 


oa 


-2N2297 or equiv. 


2N4914 or equiv. 


60uF 


LOAD REGULATION 
10mV @2.5A 


Ro (KQ) = 2.5 1Vg | 
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4195 | Fixed +15V Dual-Tracking Voltage Regulators 


GENERAL DESCRIPTION 


The RM4195 and RC4195 are dual polarity tracking regulators 
designed to provide balanced positive and negative 15V out- 
put voltages at currents to 100mA. These devices are designed 
for local ‘‘on-card’”’ regulation eliminating distribution problems 
associated with single point regulation. The regulator is in- 
tended for ease of application. Only two external components 
are required for operation (two 10uF bypass capacitors). 


The device is available in three package types to accommodate 
various applications requiring economy, high power dissipa- 
tion, and reduced component density. 


SCHEMATIC DIAGRAM 


-Vin (Case) 
ie 


-15 VOUT 
BAL 
+15 VOUT 


NC NC 


+VIN 


DESIGN FEATURES 


@ +15V Operational Amplifier Power at Reduced Cost and 
Component Density 


@ Thermal Shutdown at T; = +175°C in Addition to Short- 
Circuit Protection 


® Output Currents to 100mA 


@ May be Used as Single Output Regulator with up to +50V 
Output 


@ Available in TO-66, TO-99, and 8-Pin Plastic Mini-DIP 


| +15VouT 


TK (TO-66) Power Package TE Metal Can Package NB Dual In-line 
(Bottom View) (Top View) (Top View) 


Order Part Nos.: Order Part Nos.: Order Part No.: 
RC4195TK, RM4195TK | RC4195T, RM4195T RC4195NB 


PRAYTHEON | RAYTHEON COMPANY +» SEMICONDUCTOR DIVISION - 350 ELLIS STREET - MOUNTAIN VIEW, CALIFORNIA 


3-14 


Fixed +15V Dual-Tracking Voltage Regulators 4195 
(ESR gS NE a a a a ae ee Bee sR a DS 


ABSOLUTE MAXIMUM RATINGS 


Input Voltage +V to Ground. . Operating Junction Temperature Range 

Power Dissipation @ Ta = +25°C —55°C to +150°C 
TK Package 0°C to +125°C 
T Package 
NB Package —65°C to + 150°C 

Load Current —65°C to +125°C 


TK Package 
T, and NB Package 


MAX 


PARAMETER CONDITIONS 


Line Regulation Vin = +18 to t30V 


Load Regulation I, = 1 to 100mA 


Output Voltage Temperature 
Stability 
Standby Current Drain Vin = +30V, 1, =OmA 
° 


[MIN 
! Vs 
! : Lonel 
ane te eee Ce 
[Output Vologe Tracking [SiC 
PRippie Rejection «| ‘= 120K Tea | 
ae Ce 
Differential 1, =50mA 3 
ae = 3 
ShoreGretGurene [rises 
ae 


i 
Output Noise Voltage T; =+25°C 
f = 100Hz to 10kHz 


Internal Thermal Shutdown ee 


TYP 
2 
+1.5 
+50 
75 
220 
175 


THERMAL CHARACTERISTICS 


PARAMETER CONDITIONS 


PACKAGE 


UNITS 
[ne [tress [rerro6e 
Power Dissipation |  Ta=2rc | oe | ef 
Riesecaie nese. <u acces ‘ae Rew ane ee 
Thermal Resistance [yg _—SS—~SCC“‘“‘CNC*U‘N’OSS 
a ree ee 
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4195 Fixed +15V Dual-Tracking Voltage Regulators 


TYPICAL ELECTRICAL TEST DATA 


Output Load Regulation Regulator Dropout Voltage Maximum Current ere: 


Sie RC4195: O°C to +125°C | AVo=20mv | | | : le 9 
Res 


clap -55° Cto +150° Cc Z 


So RC4195: O°C 

i | | —{ RM4195: -55°C 

Es i 

ESE Seees 
eet TTT 


| | Vet PKace> a 
MS | ~sEEH a 


wm NO HEATSINK SRT SAI 
“= TINFINITE HEATSINK [hl 
AC4196: O°C to +126°C San ica ee 


RM4195: -55°C to +150°C % 2.0 4.0 60 80 10 12 14 16 
LOAD CURRENT (mA) LOAD CURRENT (mA) INPUT/OUTPUT VOLTAGE DIFFERENTIAL (V) 


MINIMUM INPUT/OUTPUT VOLTAGE 
OIFFERENTIAL (VOLTS) 
TOTAL LOAD CURRENT (mA) 


OUTPUT VOLTAGE DEVIATION (mv) 


Standby Current Drain Power Dissipation Ripple Rejection 
0 


2.5 = a oe 
RC4195: 0°C 


ei RM4195: -65°C Ed 


as RE EE NEGATIVE 


REGULATOR 


LZ Positive 
REGULATOR 


STANDBY CURRENT (mA) 
TK PACKAGE (W) 
RIPPLE ATTENUATION (dB) 


00 
°T5 -50 -25 0 +25 +50 +75 +100 +125 1.0K 10K 
INPUT VOLTAGE (V) AMBIENT TEMPERATURE (°C) FREQUENCY (Hz) 


TYPICAL APPLICATIONS 


Balanced Output (Vo = +15v) Positive Single Supply (+15V < Vo < +50v) 


+18V to +30V +15V at 100 mA ~ -453V to +60V Vo = +50V at 100 mA 
+VIN 


4195 
~18V to -30V 
-VIN. GND 


= Ro 
Vo= HEV (1 +57) 
(Vo + 3V) < Vin < 60V 


High Output Current 


2N4905 or equiv. 


2N2297 or equiv. 


C+ 


2N2297 or equiv. 


LOAD REGULATION 
10 mV-@ 2.5A 


Rsc 2N4914 or equiv. 
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SECTION 4 


Comparators 
CONTENTS 
106, 206, 306 Voltage Comparators ............. 4-2 
111, 211, 311 Precision Voltage Comparators ...... 4-4 
139, 239, 339, 2901, 3302 Quad Single-Supply ..... 4-6 
Comparator 
710/710A High-Speed Differential .............. 4-10 
Voltage Comparators 
711/711A Dual Differential Voltage Comparators .... 4-12 
1414, 1514 Monolithic Dual Differential ......... 4-14 


Voltage Comparators 


4-1. 


106 206 306 Voltage Comparators 


GENERAL DESCRIPTION | DESIGN FEATURES 


The LM106, LM206, and LM306 are high-speed voltage com- @ Improved Accuracy 2mV (Max) Offset, 40,000 Gain 
parators designed to accurately detect low-level analog signals Fan-Out of 10 with DTL or TTL 

and drive a digital load. They are equivalent to an RC710, ; 

combined with a two input NAND gate and an output buffer. Useful as Relay or Lamp Driver 
The circuits can drive RTL, DTL or TTL integrated circuits 
directly. Furthermore, their outputs can switch voltages up to 
24V at currents as high as 100mA. 


The devices have short-circuit protection which limits the in- 
rush current when it is used to drive loads such as incandescent 
lamps, in addition to preventing damage if it is accidently 
short-circuited. The speed is equivalent to that of an RC710. 
However, it is even faster where buffers and additional logic 
circuitry can be eliminated by the increased flexibility of the 
LM106, LM206, and LM306. They can also be operated from 
any negative supply voltage between —3V and —12V with little 
effect on performance. 


Operating temperature ranges are: LM106, —55°C to +125 °C; 
LM206, —25°C to +85°C; LM306, 0°C to +70°C. 


The LM206 is the same as the LM106 except its performance 
is guaranteed from —25°C to +85°C. 


SCHEMATIC DIAGRAM 


Plug-in Replacement for RC710 


OUTPUT 
@ 


GROUND 
e 


CONNECTION INFORMATION 


TE Metal Can Package 
(Top View) 


Order Part Nos.: 
LM106H, LM206H, 
LM3O6H 


y ee 
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Voltage Comparators 106 206 306 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage Operating Temperature Range 
Output Voltage -55°C to +1250C 


Output to Negative Supply Voltage -250C to +85°9C 


Differential Input Voltage .........-2-- eee +5.0V 09C to +700C 
Input Voltage”. <x sicher 8s eb ca ee aes +7.0V Storage Temperature Range 


Power Dissipation (Note 1) Lead Temperature (Soldering, 60s) 
Output Short-Circuit Duration 


ELECTRICAL CHARACTERISTICS (Notes 2.51 


ramen | coment 


[non oraevorage _[Now?was «dies 20| | 16] 50 | mv 

Tnput Offer Curent | Nowws2and@_————i| «fo 80] [18 | 80 | nA 
Tnput ies Curent «iNet? Ci «dP tO] | | 6 | 8 | om 
[Wot Goin Now? TCP Ti | in 
[Response Time | Notes Zand, RL=2000, C= oF | | 28 | 4 | | 28 | 40 | ns 
Saturation Voltage Note 2, Vin <-5mV, Isink = 100mA Ff 10} 15 | | 08 | 20} vi | 
Note 2, Vin#5mV, 8VSVQUT S24V | |002] 1.0] =| 002] 20 | yA | 


Note 3 


Output Leakage Current 
Input Offset Voltage 


Average Temperature Coefficient 
of Input Offset Voltage 

input Offset Current TLSTa S+259C a 
"25°C <TASTH I 
Average Temperature Coefficient Note 5 TLSTA S+250C fae 
e 
: Ee 
L<T ol 


© 
N 
ol 


of Input Offset Current +250C<Ta<Ty 


Input Bias Current T A <+2509C 
Note 5 
+250C < TA STH 


Input Voltage Range -7V >V-2>-12V 


Differential Input Voltage Range 


Saturation Voltage VIN S-5mV, Isink = 50mMA 
<-5mV, Isink S 16MA 

VIN 2 5mV, louT = 400uA 

VIN 2 dmV, 8V S VO S 24V, Note 5 


Vstrobe = 0.4V 


Saturation Voltage 


Positive Output Level 
Output Leakage Current 


Strobe Current 
Strobe ON Voltage 


Strobe OFF Voltage lsink S 16mA 
Positive Supply Current VIN = -5mvV 
NOTES: required to drive the output down to 0.5V or up to 5.0V. Thus, these 
1. The maximum junction temperatures are as follows: LM106 +150°C, parameters actually define an error band and take into account the 
LM206 +110°C, LM306 +85°C. For operating at elevated tempera- worst-case effects of voltage gain and input impedance. 
tures, devices in the TE package must be derated based on a thermal 4. The response time specified (see definitions) is for a 100mV input 
resistance of 150°C/W, junction to ambient, or 45° C/W, junction to step with 5mV overdrive. 
case. For the flat package, the derating is based on a thermal resis- 5. 


tance of 185°C/W when mounted on a 1/16-inch-thick epoxy glass 
board with ten, 0.03-inch-wide, 2-ounce copper conductors. 
. These specifications apply for -3V > V- > -12V, Vt = 12V and 
_ Ta = 25°C unless otherwise specified. 
. The offset voltages and offset currents given are the maximum values 


N 


LM306| 0°C 


1) 
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111 211 311 


Precision Voltage Comparators 


GENERAL DESCRIPTION 


The LM111, LM211, and LM311 are voltage comparators with 
about one-thousandth the input current of the LM106 and 


M107. These comparators are designed to operate from stan- 


dard +15V operational amplifier supplies to a single +5V supply 
used for IC logic. Their outputs are compatible with DTL, 
RTL, TTL, and MOS devices. Offset balancing is provided, 
and the outputs can be OR wired. 


The LM111 operates over the full military temperature range 
of —55°C to +125°C. The LM211 is the same as the LM111 
except its performance is guaranteed from —25°C to +85°C. 
The LM311 is the commercial version which operates from 
0°C to +70°C. 


SCHEMATIC DIAGRAM 


BALANCE/STROBE 4 p eaEnee 


te 


INPUTS 


NOTE: Pin 4 connected to case. 


TE Metal Can Package 
(Top View) 


Order Part Nos.: 
LM111H, LM211H, 
LM311H 


RAYTHEON COMPANY » SEMICONDUCTOR DIVISION 


DESIGN FEATURES 


@ Input Current 150nA Maximum 
@ Operates from +5V Supply 
@ Offset Current 20nA Maximum 


2 GROUND 


GRouND[_}!@ 
+inpuT (12 
-INPUT [1]3 


NB Dual In-line 
Package 
(Top View) 


Order Part No.: 
LM311NB 
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Precision Voltage Comparators 111 211 311 


Re LL OE aE ee ON a I ENS ee a ee a 


ABSOLUTE MAXIMUM RATINGS 


Total Supply Voltage (Vgq4) .....-.-..2200 0 ee 36V Output Short-Circuit Duration .............4- 10s 
Output to Negative Supply (V74) .. LM111/LM211: 50V Operating Temperature Range 


LM311: 40V MAD xc: wed Sec ted haw Ce nate ee -55°C to +1250C 
Ground to Negative Supply Voltage (V14) ....... 30V MIMI syd wie rte arte Sn ai nay ce anal ~250C to +850C 
Differential Input Voltage .............0.005 +30V UMS 2 ait eee uce Gla ee hdce se wee 09°C to +700C 
Input Voltage (Note 1) 1... ... eee eee ee es +15V Storage Temperature Range ........ —65°C to +150°0C 
Power Dissipation (Note 2) ............005 Lead Temperature (Soldering, 10s) .......... 300°C 


ELECTRICAL CHARACTERISTICS (Note 3) 


PARAMETER CONDITIONS 


Input Offset Voltage (Note 4) TA = 250C, Rg < 50k 
Input Offset Current (Note 4) TA = 25°C | 4.0 | 
Input Bias Current TA = 250C | 60 | 


LM111/211 LM311 
TP [MAX] ums 


Voltage Gain TA = 250C 
Response Time (Note 5) TA = 250°C 
Saturation Voltage VIN S-5mV, loUT = 50mA, Ta = 25°C 0.75 


Strobe On Current 


Output Leakage Current | 0.2 | 
Input Offset Voltage (Note 4) Rs S 50k ed 


150 

fa ae 
ISINK <8mA 

8) | 

[| 80" 

| 5.0 | 


Output Leakage Current VIN = 5mV, VouT = 35V | | 0.1 | Ll 
Positive Supply Current TA = 25°9C fr Aest | ee 
Negative Supply Current TA = 250C Poa | aa 


NOTES: 


1. This rating applies for +15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is equal to 
the negative supply voltage of 30V below the positive supply, whichever is less. 

2. The maximum junction temperature of the LM111 is 150°C, while that of the LM311 is +85°C. For operating at elevated temperatures, devices in 
the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. 

3. These specifications apply for Vg = +15V and -55°C < Ta, < +125°C, unless otherwise stated. With the LM311, however, all temperature specifi- 
cations are limited to O°C < Ta < +70°C. The offset voltage, offset current and bias current specifications apply for any supply voltage from a 
single 5V supply up to +15V supplies. 

4. The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with a 1mA load. 
Thus, these parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 

5. The response time specified (see definitions) is for a 100mV input step with 5mV overdrive. 
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139 239 339 
2901 3302 


Quad Single-Supply Comparators 


GENERAL DESCRIPTION 


These devices offer higher frequency operation and faster 
switching than can be had from internally compensated quad 
op amps. Intended for single-supply applications, the Darlington 
PNP input stage allows them to compare voltages that include 
ground. The two-stage common-emitter output circuit pro- 
vides gain and output sink capacity of 3 wA at an output level 
of 400 mV. The output collector is left open, permitting the 
designer to drive devices in the range of 2 V to 36 V. 


They are intended for commercial and industrial applications 
not needing response time less than 20 ns, but demanding ex- 
cellent op amp input parameters of offset voltage and current, 
and bias current, to insure accurate comparison with reference 
voltage. 


SCHEMATIC DIAGRAM 


INPUTS 


CONNECTION INFORMATION 


OUTPUT 2[__ 
OUTPUT 1 | 


DESIGN FEATURES 


@ Input Common Mode Voltage Range Includes Ground 

@ Wide Single Supply Voltage Range, 2 to 36V 

@ Output Compatible with TTL, DTL, ECL, MOS and CMOS 
Logic Systems 

@ Very Low Supply Current Drain (.8mA) Independent of 
Supply Voltage 


OUTPUT 


|__| OUTPUT 3 
| | OUTPUT 4 


DC and DB 
Dual In-line Packages 
(Top View) 
Order Part Nos.: 
LM139D, LM239D, LM339N 
LM2901N, RC3302DB 
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139 239 339 
Quad Single-Supply Comparators 2901 3302 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage, V+ 36 V or +18 V Operating Temperature Range . LM339: O°C to +709C 
Differential Input Voltage 36 V LM239: -25°C to +859C 
Input Voltage LM2901: -40°C to +859C 
Power Dissipation (Note 1) LM139: -—559C to +1259C 


Molded DIP... LM339N, LM2901N: 570 mW Storage Temperature Range -~65°9C to +150°0C 
Cavity DIP... LM139D, LM239D & LM339D: 900 mW Lead Temperature (Soldering, 10s) 
Output Short-Circuit to GND (Note 2) .... Continuous 


ELECTRICAL CHARACTERISTICS (139, 239, 339, 2901) (V* = +5V and Ta = +25°C unless otherwise noted.) 


PARAMETER CONDITIONS 


Ss 
> 
x< 


Input Offset Voltage At Output Switch Point, 
Vo = 1.4V 
VREF = +1.4V, Rg = 02 
LM 2901 


Input Bias Current (Note 3) IIN(+) or Tyn(-) 
With Output in Linear Range 


liN(+) — HN(-) 


Voltage Range (Note 4) ae 


Supply Current Ri = 2% On All Comparators 

Voltage Gain Ry = 15 kQ 

Response Time (Note 5) VRL = 5.0V 
and Ry = 5.1 kQ 

Output Sink Current VIN(-) = +1V, VIN(+) = 0, 
Vo S+1.5V 
VIN(-) = t1V, VIN(+) = 9, 
ISINK= 3 mA 

Output Leakage Current VIN(+) = +1V, VIN(-) = 9, 
VouT = 5V 


pos 


< 
+ 
I 

—> 

on 


25 


NO 
or 


3 


200 


— 
1%) 


0 
16 


NOTES: 

1. For operating at high temperatures, the LM339 and the LM2901 must be derated based on a +1259C maximum junction temperature and a ther- 
mal resistance of 175°C/W which applies for the device soldered in a printed circuit board operating in a still air ambient. The LM239 and LM139 
must be derated based on a +150°C maximum junction temperature. The low bias dissipation and the ON-OFF characteristic of the outputs keeps 
the chip dissipation very small (Pd < 100mW), provided the transistors are allowed to saturate. 

2. Short circuits from the output to Vt can cause excessive heating and eventual destruction. The maximum output current is approximately 20mA 
independent of the magnitude of V*. 

3. The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of the 
output so no loading change exists on the reference or input lines. 

4. The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the 
common-mode voltage range is Vt-1.5V, but either or both inputs can go to +30V Dc without damage. 

5. The response time specified is for a 100mV input step with 5mV overdrive. For larger overdirve signals 300 ns can be obtained, see typical perfor- 
mance characteristics section. 
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139 239 339 


2901 3302 — Quad Single-Supply Comparators 
Sea A NEN aN SR I a a A Ae Re Ra Ee oN em PO OR oe eS 
ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ............00040. +2.0 V to +28 V Storage Temperature Range ........ -650C to +150°C 
Output Sink Current (Note 1) ............. 20 mA Operating Temperature Range ....... -40°C to +850C 
Internal Power Dissipation (Note 1) ........ 625 mW Lead Temperature (Soldering, 60s) .......... 300°C 
Differential Input Voltage .......... +2.0 V to +28 V Output Short-Circuit Duration (Note 2) .... Continuous 
Input Voltage (Note 2) .............. -0.3V+Vcc 


ELECTRICAL CHARACTERISTICS (Vt =+15V and Ta = +250°C unless otherwise noted.) 


Input Offset Voltage (Vref = 1.2V) VIO mV 
(Ta = +250C) 3.0 20 
(Ta = —40° to +859C) 40 


re 
(TA = +250C) 


Input Bias Current 
ne -40°9C to +850C) 1000 


[Wattage Gain SS~ RLM) ——SSS*S~S~S~dC | 2.000 [SOG] — | 
Tom | = | 20 | =| hon 


oro kA oe RM 
Output Leakage Current loff 
re | alot 
| Negative Output Voltage (Ig = 2.0mA, VOL 

re Necsssowwren | |e | ao | 


Output Sink Current 
(Vcc = +5.0V) 
(Ta = +25°9C, VoL = 400mvV) 
(Ta = -40°C to +859C, VoL, = 800mvV) 


mput Common-Mode Range VICR Volts 
(Vec = +28V) 


Propagation Delay Time tPHL/LH 

For Positive and Negative Going 

Input Pulse 

Slew Rate (RE = 15kQ2) tSR- am 
sete i a 

Power Supply Current (Is = 0, Vcc = +5.0 to +28V) 0.7 mA 
eee ieee PSL 


NOTES: 
1. Requires an external resistor, Ri, to limit current below maximum rating. 
2. !f either (+) or (-) inputs of any comparator go more than several tenths of a volt below ground, a parasitic transistor turns ’‘on,”’ causing high 


input current and possible faulty outputs. 
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139 239 339 
Quad Single-Supply Comparators 2901 3302 


339 TYPICAL APPLICATIONS 


Single Supply (V* = 15Vpc) 


Driving TTL Driving CMOS Comparator with Hysteresis ORing the Outputs 
+5 Voc i 


Limit Comparator Vt (12 Vgc) ¢ 


Zero Crossing Detector Low Frequency Pulse Generator 
(Single Power Supply) vt 


im_1N914 2 15k 


TTL to MOS Logic Converter 
O+5 Voc 


*FOR LARGE RATIOS OF R1/R2, 
= D1CAN BE OMITTED 


Split Supply (Vt = +15Vpc & VV =-15Vpc) 


Zero Crossing O vt Comparator With a 
Detector Negative Reference 


VIN 
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710° | : 
710A High-Speed Differential Voltage Comparators | 


GENERAL DESCRIPTION DESIGN FEATURES 


The RM710/RM710A and RC710 integrated circuits are mono- @ Low Offset Voltage and Drift Over Entire Temperature 
lithic, high speed, differential voltage comparators. Manufac- Range 


tured by the planar process, component matching is inherent. 


ie pie : @ Fast Response Time 
Characteristic of the devices is low offset voltage and low drift 4 | 


parameters as well as high accuracy and fast response. @ Output Logic Compatible With All Existing Integrated 
ao 5 orn : ; Logic Forms 

These voltage comparators are specially designed for a variety . 

of applications such as high speed A/D converter, memory @ Meets or Exceeds All Environmental Requirements of 
sense amplifier, zero crossing detector, amplitude discriminator MIL-S-19500, MIL-STD-202, and MIL-STD-750 


and variable threshold Schmitt trigger. 


The RM710/RM710A operate over the full military tempera- 
ture range from —55°C to +125°C. The RC710, commercial 
equivalent of the RM710, operates over a temperature from 
0°C to +70°C. 


SCHEMATIC DIAGRAM 


INPUTS 
+O 


GROUND 


CONNECTION INFORMATION 


+INPUT E_]2 
~INPUT L_]3 


INVERTING 
~INPUT 


Q 


Metal Can Package Flat Package Dual In-line 
(Top View) (Top View) Packages 


) : (Top View) 
Order Part Nos.: Order Part Nos.: Order Part Nos.: 


ae Mane RM710T, RM710AQ, RM710Q ? RM710ADC, RM710DC, 
| ~  -RC710DC 
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High-Speed Differential Voltage Comparators 710A 


ABSOLUTE MAXIMUM RATINGS 


Positive Supply Voltage Operating Temperature Range 

Negative Supply Voltage RM710, RM710A ~55°C to +125°C 
Peak Output Current RC710 0°C to +70°C 
Differential Input Voltage : Internal Power Dissipation (Note 1) 


Input Voltage ...... 2... ee eee ee eee ttt +7.0V TO-5 
Storage Temperature Range -65 C to +150 C 
Lead Temperature (Soldering, 60s) 


ELECTRICAL CHARACTERISTICS (v+t= 12.0V, V-= -6.0V, Ta = +25°C unless otherwise specified) 


PARAMETER CONDITIONS RM710A RM710 


input Ofset Curent iNew) 

input Bie Curent 

Tvorae Gin Sid 
emmeieeeed 


Input Offset Voltage (Note 3) Rs < 200Q 


e 


~ 
o 


The following specifications 
apply for 0° C<Ta<+70°C. 


Average Temperature Coefficient Rs = 202, Ta = Low to 
TA = High, Rs = 202 


of Input Offset Voltage 
TA = 25°C to TA = Low 


Input Offset Current (Note 3) © | Ta=+1250C 


Average Temperature Coefficient TA = 25°C to Ta = High 
of Input Offset Current Ta = 25°C to TA= Low 


[ biferenial Input Vote Range [Sd 
Voie Gein dP CS 


Output Sink Current TA = Low; AVjin 2 SmV, 


Vout = 9 a 
Ta = High, AVin 2 SmV, 1.7 
Vout = 0 ; 


[Power Consumption «dt 


I+ i+ 
o1 ol 
Oo Oo 


NOTES: 


1. The thermal characteristics are based on a maximum chip temperature of 160°C. Derate maximum power dissipation of TO-5 Can by 6.7mW/°C 
for Ta 2 114°C, of Flat Pak by 5.3mW/°C for Ta 2 103°C, and of Dip Pak by 9.6mW/°C for Ta = 118°C, The ratings apply for -55° < Ta < 
+1259C, ’ 

2. The response time specified (see definitions) is for a 100mV input step with 5mV overdrive. 

3. The input offset voltage and input offset current are specified for a logic threshold voltage as follows: For RM710/710A grade 1.8V at —559C, 
1.4V at +259C and 1.0V at +125°C. For RC710 grade 1.5V at +25°C and 1.2V at +70°C. 
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711 
711A Dual Differential Voltage Comparators 


GENERAL DESCRIPTION DESIGN FEATURES 
The Raytheon RM711A, RM711, and RC711 integrated cir- @ High Accuracy, Fast Response Time and Wide Threshold 
cuit is a monolithic dual differential voltage comparator Range 


fabricated on a single silicon chip. Component matching in- 
herent with the planar process yields a comparator of high 
performance and characteristics. 


Inherently OR’d Outputs 

Independent Strobing of Either Side of the Device 
Low Power Dissipation 

Low Offsets and Thermal Drift 

Compatible With All Forms of Logic 


The RM711 and RM711A operate over the full military tem- ee oe : 
perature range from —55°C to +125°C. The RC711 operates : ' 


over a temperature range from O°C to +70°C. 


SCHEMATIC DIAGRAM 


It is ideally suited for a number of applications such as: core- 
memory sense amplifier, high speed voltage comparator in A/D 
converters, zero crossing detector, and double ended limit 
detector for automatic Go/No-Go test equipment. 


STROBE 1 STROBE 2 


CONNECTION INFORMATION 


-INPUT; [1 @ 10[ 7] STROBE} 
+NPUT} [12 


+INPUT2 [__|4 7[-_] OUTPUT 
-INPUT2 L_]5 6i_}] STROBE2 


Q 
TE Metal Can Package Flat Package 
(Top View) (Top View) Dual In-line 
Packages 
Order Part No.: Order Part Nos.: (Top View) 
RC711T RM7110 Order Part Nos.: 
RM711DC, RC711DC 
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Dual Differential Voltage Comparators 711A 


ABSOLUTE MAXIMUM RATINGS 


Power Supply Voltage Operating Temperature Range 

Negative Supply Voltage ; ~55°9C to +1250C 
Peak Output Current 0°C to +700C 
Differential Input Voltage Internal Power Dissipation (Note 1) 


[itt WOvtage: <x. bee acca ate en. aew a: Gal Be th user as cae +7 TO-5 Package 
Strobe Voltage 0 to +6.0V Flat Package 
Storage Temperature Range Dual In-line Package 
Lead Temperature (Soldering, 60s) 


ELECTRICAL CHARACTERISTICS (v+= 12Vv, V- =-6.0V, T, = 25°C unless otherwise specified) 


The following specifications apply for TL < Ta < TH (Note 5) 


UNITS 
| MIN | MIN max] UNTS 
Input Offset Voltage mom 3) [B8S2000.vomro | fi f35} 110160) ay | 
IRg<2002 | tt | Of 10 | 7.5 | | 
[Input Offset Current | (Note 3) | tf | 5 | A 
pInputBiasCurrent | 2 25 | 100 | HA 
Voltage Gain po 50 15007 750 T1500 | VV 
AVin + 10mV, VouT < OV Se 
[Strobe Current | Vstrobe = 10OMV TE TB TS 25 | mA 
Response Time p(Note2) 0 4s 
[Soa ea Nemec Lerma! Gaara 3 Senne! a 
Strobe Release Time eae rte ee a Se ee a eee 
AVIN > 10mvV, Ip = 5.0mA (25135 | [25 } 35] | Vv 
| 6.0 | 
aloe! 
[150 | 


Lcaehckesiiake mann (RY 7s ea 
Rs < 2008 a 
inptu Bias Curent S| CSC~C~C—CSSSCS SSCidTid OTC Cd 
input Offset Current | (Notes) SSCS SCY Sid | dT Sid 
[VoltageGainSC~sSC“‘(‘CS;SSCCCCCCUC~dC YT CdSSCC‘“iP OO CCCdCC*” 
ee 
[Negative Output Level (Note 4) | AVIN>10mV,lo=0 ~~—+|-1.0|-05| 0 |-1.0|-08| 0 | V 
input Voltage Ranged = -70VSSSCSC~“—*~S*S*SS HO TC*dSSC(“‘“(SWOO]OCOCOCDCV CS 
[Differential Input Voltage Range | CC Cid OT OCT TC 
Average Temperature Coefficient © 
srinpueOthet Valege | R8=200,TLTH |_| 80 | 20 | | 50 | 20 [avi'e 
Average Temperature Coefficient | +25°CtoTH == CT ST 15 | 50 | | 15 | 50 A/°C 
of Input Offset Current rasctoT. ——Ss=C“‘“‘CSSC*dYC«*dS 24 ~( 400 ~—*| 24 | 100] 
[Strobed Output Level | Vstrobe<0.3V.——~S~—~—sSS~S TO OS —'L-TO | -OST 0 | V_ 
Vout <0 a bee ee ee se ee 
| dL 37 | 60 | UT 3.7 | 60 | mA | 
[Common Mode Rejection Ratio | C(t‘; OCT CD | | 70 | FO | || BE 
[|PowerConsumption | C—(‘“‘(CSC*rLSC(*«d: CA30' | 180] | 130 | 180 | mW_| 
NOTES: 
1. Thermal characteristics based on maximum chip temperature of +25°C, and 1.0V at +125°C; RC711, 1.5V at +25°C and 1.2V at 
+160°C. Derate maximum power dissipation for TO-5 by +70°C. 


6.7mMW/°C for Ta > +114°C, Flat. Pack by 5.3mW/°C for 
Ta = +103°C, Dip Pack by 9.6mW/°C for Ta > +118°C. Ratings 
apply for -55°C < Ta < +125°C. 

2. The response time specified (see definitions) is for a 100mV input 
step with 5mV overdrive. 

3. Input offset voltage and input offset current are specified for a logic 
threshold voltage as follows: For RM711, 1.8V at —55°C, 1.4V at 


. Negative output level is measured at AVi yy = 5V. 


ot 


RM711 
0°C 
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1414 


1514 Monolithic Dual Differential Voltage Comparators 
GENERAL DESCRIPTION DESIGN FEATURES | 

The RM1514 and RC1414 are monolithic high-speed, differ- @ Two Separate Outputs 

ential voltage comparators manufactured by the planar process. © Strobe Capability 


Component matching is inherent. 
@ High Output Sink Curren 2.8mA Minimum Each 


They were designed for low-level sensing and memory sense Comparator 
amplifier applications, as well as A/D converters, Schmitt 
triggers, and zero crossing detectors. Input Offset Voltage 1.0mV 


e 
oO 
The RM1514 military version operates over a temperature © Offset Voltage 3.0uV/'C 
e 
e 


range of —55°C to +125°C. The RC1414 is the commercial 
type which operates from 0°C to +70°C. 


Short Propagation Delay Time 40ns 


Output Compatible With All Saturating Logic Forms: 
Vout is +3.2V to -0.5V Typical 


SCHEMATIC DIAGRAM 


i Sues a iit aie zs 


CONNECTION INFORMATION 


AouTPUT [71 @ 

A STROBE [_]2 13] A -INPUT 
12[—] AtINPUT 
11[[] GRounD 


|__| B STROBE 
81__JB OUTPUT 


DC Dual In-line Packages 
(Top View) 

Order Part Nos.: 

RM1514DC, RC1414DC 
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Monolithic Dual Differential Voltage Comparators 1514 


ABSOLUTE MAXIMUM RATINGS 


Power Supply Voltage +14V, -7.0V Operating Temperature Range 

Differential Input Signal ...............00- +5.0V —55°C to +125°C 
Common-Mode Input Swing ............200- +7.0V 0°C to +75°C 
Peak Load Current 10mA 


Internal Power Dissipation (Note) ... RM1514: 1000mW 
RM1414: 625mW 


PARAMETER CONDITIONS 


Vout = 1.4Vde, Ta = 25°C 
Vout = 1.8Vdc, Ta = Min. 


Input Offset Voltage 
(Rs < 20022) 


Vout = 1.0Vdc, Ta = Max 
Temperature Coefficient 


Input Offset Current 
Vout = 1.8Vde, T, = Min. 
Input Bias Current 


TYP 
3.0 


Vout = 1.0Vdc, Ta = Max 


a ° 
Sie lop Wag 
sal 


[Output Resitance | 
Differential Voltage Range Ree ee 


+ 


+5.0 


Oo 

3 

< 
N 
o 
wo 
N 


Positive Output Voltage Vin 25. 


Negative Output Voltage Vin 2 —5.0mV 


Output Sink Current Vin 2-5.0mV, Vout 20, 
Ta = Min. to Max. 

Input Common Mode _ 

Range —7.0Vdc +5.0 


~ =—7,0Vdc, 
s S 2000 


Ww 
is 


—__: 
—_ 


< 
i 


Common Mode Rejection 
Ratio 


a< 


Propagation Delay Time 
For Positive and Negative 
Going Input Pulse 


Total Power Supply Vout S 0Vdc 


NOTE: 


Derate above Tp = 25°C. 
DC Package: 6.0mW/°C. DB Package: 5.0mW/°C. 
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V overdrive = 5mV 


NO 
.o) 
Oo 


fo] 


THE NEW 4151. 


WORLD'S FIRST 
MONOLITHIC IC VFC. 


Raytheon Semiconductor provides frequency-to-voltage 
introduces the 4151 Voltage- = conversion, too. It’s the simplest 
to-Frequency Converter. $5 in and most cost-effective method 
lots of 100, versus $30 to $60 for analog-to-digital conversion. 
for other VFC’s—thereisno And Raytheon Semiconductor 
comparison. And that’s not all. 1s the only company with a 

The 4151 comes ina standard device like it. 

8-pin dual in-line package or Contact Raytheon Semi- 
a TO-5 metal can. The pulse conductor or your local distrib- 
output is compatible with all —_-utor for complete details. For 
logic forms. It has high noise your fee sample, write Raytheon 
rejection, single-ended input Semiconductor on your company 
referenced to ground. Andit letterhead. 


RAYTHEON SEMICONDUCTOR 
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1488 | Quad Line Drivers 


DESCRIPTION 


The AC 1489 is's monolithic quadiline driver desianed tointar: ~ OE>IGN FEATURES 


face data terminal equipment with data communications equip- @ Current Limited Output 10mA Typical — 

ment in conformance with the specifications of EIA standard @ Power-off Source Impedance 300 Ohms Minimum 
number RS-232-C. This standard specifies not only the num- 6. Si Siaw Baiee Wi oe a 
ber and type of interface leads, but also the voltage levels to imple Slew Rate Control With External Capacitor 
be used. @ Flexible Operating Supply Range 

The RC1488 and its companion circuit, the RC1489/RC1489A @ Compatible With All DTL and TTL Logic 


quad line receiver, provide a complete interface system between 
DTL and TTL logic levels and the RS-232-C defined levels. 


LOGIC DIAGRAM 


CONNECTION INFORMATION 


AInpuTE_]2 13[—] D INPUT 
A ouTPUT [_]3 12{—_] D INPUT 

B INPUT [14 11[[] D ouTPUT 

B.INPUT [15 10[__] c INPUT 
B OUTPUT [_|6 9{__] C INPUT 


8} } C OUTPUT 


DC Dual In-line 
Package 
(Top View) 


Order Part No.: 
RC1488DC 
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Quad Line Drivers | 1488 
ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


Power Supply Voltage 


Input Signal Voltage 


Output Signal Voltage 


Power Derating (Package Limitation, Ceramic Dual In-Line Package) 
Derate above Ta = +25°C 


Operating Temperature Range 
| Storage Temperature Range 


ELECTRICAL CHARACTERISTICS § (v*+=+9.0 +1% Vdc, V- = -9.0 41% Vdc, TA = 0°C to +75°C 


unless otherwise noted) 


PARAMETER SYMBOL CONDITIONS | MIN | 
Forward input Current VineOV CY 


in 
Reverse Input Current ig | Vin = +5.0V 
Output Voltage High VOH Vin=0.8V, RL=3.0kQ, Vt=+9.0V,V-=-9.0V | +6.0 | +7.0 | | 7 
Vin=0.8V, RL=3.0kQ, Vt=+13.2V, V-=-13.2V] +9.0 [+105 | | 


Output Voltage Low Vin=1.9Vde, RL =3.0kQ, Vt=+9.0V, V-=-9.0V ete | 


Vin=1.9Vdc, RL =3.0kQ, Vt=+13.2V, 
V-=-13.2V 
Positive Output Short-Circuit | ISCc+ +6.0 +10 +12 mA 
Current 


-12 mA 
Current 


Output Resistance «dt RQ).__—~ VF = V==0, Vol=220V (eceaie E (SES 


Positive Supply Current \+ Vin = 1.9Vdc, Vt = +9.0V 
(Ry ==) Vin = 0.8Vde, Vt = +9.0V 
Vin = 1.9Vdc, Vt = +12V 
Vin = 0.8Vde, Vt = +12V 
Vin = 1.9Vde, Vt = +15V 
Vin = 0.8Vde, Vt = +15V 
Vin 1.9Vdc, V- = -9.0V 
Vin = 0.8Vdc, V~ = -9.0V 
Vin = 1.9Vde, V- = -12V 
Vin = 0.8Vdc, V- = -12V 
Vin = 1.9Vde, V~ = -15V 
Vin = 0.8Vdc, V~ = -15V 
Vt = 9.0Vdc, V~- = -9.0V 
Vt = 12Vdc, V- = -12V 


12) 
Oo 


ue 
w 


Negative Supply Current . 
(RL =°) 


Power Dissipation 


SWITCHING CHARACTERISTICS (vt =+9.0+1% Vdc, V- = -9.0 +1% Vdc, Ta = 25°C) 


| PARAMETER | SYMBOL| ——CCONDITIONS ~—— | sMIN | TYP | 
| Porpagation Delay Time | tpg+ | ZL=3.0kand18pF | 180 
FallTime Sd «dL SOkand pF SSSSC*dSCSCSC*dSC 
[Propagation Delay Time | tpg | ZL=30kend1SpF_SSSC~=~“~*~*~*~é~SC*‘“‘(‘!SCO™C*CW 

Rise Time Z_- 3.0k and 15pF a rs 
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1489 
14890 


_ Quad Line Receivers 


GENERAL DESCRIPTION 


The RC1489 and RC1489A are monolithic quad line receivers 
designed to interface data terminal equipment in conformance 
with the specifications of EIA standard number RS-232-C. 
This standard specifies not only the number and type of inter- 
- face leads, but also the voltage levels to be used. 


The RC1488 quad driver and its companion circuit, the 
RC1489/RC1489A quad receiver, provide a complete interface 
system between DTL or TTL logic levels and the RS-232-C 
defined levels. 


LOGIC DIAGRAM 


DESIGN FEATURES 


@ Input Resistance 3k to 7k 

@ Input Signal Range +30V 

@ Built-in Input Threshold Hysteresis 
e 


Response Control: Logic Threshold Shifting and Input 
Noise Filtering 


CONNECTION INFORMATION 


Ainput (1@ 


~ ACONTROL 2 
A output []3 
BINPUT [14 

B CONTROL [15 
B OUTPUT [16 


1377] D INPUT 
12[—] b coNTROL 
11{] 0 output 

~ jof J c input 
9{_] ¢ CONTROL 


8[7 J] C OUTPUT 


DC Dual In-line 
Package 
(Top View) 


Order Part Nos.: 


RC1489DC, RC1489ADC 


RAYTHEON COMPANY + SEMICONDUCTOR DIVISION + 350 ELLIS STREET + MOUNTAIN VIEW, CALIFORNIA 


Quad Line Receivers 1489A 


ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


RATING SYMBOL VALUE 
Power Supply Voltage pove | HO 
input Signal Range [Vin [30S 
Output Load Current Ti 0d 
7 


vt 
Vin 
IL 
Power Dissipation (Package Limitation, Ceramic Dual In-Line Package) Pp 1000 mW 
Derate above Ta = +25°C 1/0. e mW/°C 
[Operating Temperature Range 
Storage Temperature Range -65 to +175 


ELECTRICAL CHARACTERISTICS 


(Response control pin is open. Vt=+5.0Vdc 1%, TA =0°C to +75°C unless otherwise noted) 


|_ parameter | symeo.| ———conpitions =| MIN 
Posie mous Curent WM Wig = e26v__}_361_ 
Vin = +3.0V 043, 
Negative Input Current I Vin = -25V -3.6 Ee -8.3 A 
ieee ull eosmeecmmenens a) 
Voltage 
V 


1o) 


= 
IH 
aciagoa | 1.75] 1.95 | 2.25 
Input Turn-Off Threshold VIL Ta = +25°C, Vou = 2.5V, IL = -0.5mA ar 
Voltage RC1489 0.75 1.25 V 
Input Open Circuit, || = -0.5mA 2.6 | 4.0 | 5.0 | 
| 0.2 | 0.45 | 
ae 
+ 


ae 
a 
[Power Supply Current ‘| 1* ‘|Vin=*G0VSOSOC~C~C~“*~S*~“—‘~‘~‘—~s~*S*S*~*~*~SSC‘“*SC* CS 
[Power Dissipation | Pp | Vin = +5.0V inal 


CONDITIONS | min | TYP 
RL = 3.90 ae ee ee 
Penogwion Daa Tne Tigger se 
RL = 3800 es 


RAYTHEON COMPANY + SEMICONDUCTOR DIVISION + 350 ELLIS STREET » MOUNTAIN VIEW, CALIFORNIA 


5-5 


9622 


Dual Line Receivers 


GENERAL DESCRIPTION 


The RM9622 and RC9622 are dual line receivers designed to 
discriminate a worst-case logic swing of 2V from a +10V 
common-mode noise signal or ground shift. To provide a CCSL- 
compatible threshold voltage and maximum noise immunity, 
the differential amplifier has a built-in threshold of 1.5V. 
The offset is obtained by use of current sources and matched 
resistors, and varies only +5% (75mV) over the military and 
commercial temperature ranges. 


The RM9622 military version operates over a temperature 
range of —55°C to +125°C. The RC9622 is the commercial 
type which operates from 0°C to +70°C. 


These dual line receivers offer a choice of output states with 
the inputs open, without affecting circuit performance by use 
of S3. At the input of each line receiver a 130-ohm terminat- 
ing resistor is provided. The output is CCSL-compatible. And 
the output high level can be increased to +12V by connecting 
to a positive supply through a resistor. The outputs can be 
wired OR, 


SCHEMATIC DIAGRAM 


At INPUT O 


At1302 0 


OUTPUT 
STATES 


14{[._]GROUND . 
13 [|] B OUTPUT 
12] |] B INPUT 


DC Dual !n-line Package 
(Top View) 

Order Part Nos.: 

RM9622DC, RC9622DC 
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DESIGN FEATURES 
CCSL-Compatible Threshold Voltage 
Input Terminating Resistors 
Choice of Output State With Inputs Open 

‘CCSL-Compatible Output 
High Common-Mode 
Wire-OR Capability 
Enable Inputs 
Full Military Temperature Range © 


Logic Compatible Supply Voltages 
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Dual Line Receivers 9622 


ABSOLUTE MAXIMUM RATINGS 


Vcc, Pin Potential to Ground Pin -0.5V to +7V Enable Pin Potential to Ground Pin -0.5V to -15V . 
Input Voltage +15V Storage Temperature Range -659C to +1509C 


Voltage Applied to Outputs for -0.5V to +13.2V Operating Temperature Range 
High Output State RM9622 -55°9C to +1250C 


VEE Pin Potential to Ground Pin -0.5V to -12V RC9622 09°C to +700C 


ELECTRICAL CHARACTERISTICS (-550C to +1250C, Vcc = 5.0V +10%, VEE = -10V +10%) 


SYMBOL 55°C +125 
V Vcc =4.5V VEE =-11V 
V 


[e) 
© 


CHARACTERISTICS CONDITIONS & COMMENTS 


OL Output Low Voltage 
“VpIFF=2.0V IoL =12.4mA 
OH Output High Voltage |Vcc = 4.5V VEE = -9.0V 
*“VDIFF=1.0V IOH =-0.2mA 
ISC 


> 
x< 


= 
on 
> 
Sa 
an) 
wo 
7) 


i 
foe) 
—_ 
on 
N 
ro) 


ICEX Output Leakage Vcc = 4.5V VEE = -11V 
Current "VpIFF=1.0V) VcEx =12V 
Output Shorted Vcc = 5.0V VEE = -10V 243.534 
Current "“VDIFF=1.0V. Vsc=O0V 

IR(ENABLE) | Enable Input Leakage | Vcc = 4.5V VEE = -11V 
Current S3 = 4.5V VR = 4.0V 

IF(ENABLE) | Enable Input Vcc 5.5V VEE = -9.0V 
Forward Current S3 = OV VF=0V 

IF(+ INPUT) | + Input Vcc = 5.0V VEE = -10V 
Forward Current ~Input = Gnd VF=O0V 


lF(- INPUT) |- Input Vcc, $3=5.0V VEE =-10V 
Forward Current + Input = Gnd VF=O0V 


VIL(ENABLE) | Input Low Voltage Vcc = 5.0V +10% VEE = -10V 410% 


Differential Input Vec = 5.0V +10% VEE = -10V +10% 
Threshold Voltage 


Vth 
VCM Common Mode Vcc = 5.0V VEE =-10V 
ICC 


| 
~ 
w 
! 
—> 
ron) 
~ 
{ 
N 
—_ 


-_ 
Go 
o 
| 


~ 
ron) 


j 
S N 
© ~ 
a N 
a) © 
1 
NO 
Ww 


Voltage - “VDIFF = 1.0V or 2.0V 


lee. | 5V Supply Current $3, + Inputs = 5.5V, —Inputs = OV 


lEE -10V Supply Current | Vcc = 5.5V Vee =-11V 
$3, + Inputs = 5.5V, - Inputs = OV 
Turn-off Time Vcc = 5.0V VEE =-10V 


V1NO>3.0V, RL = 3.9kQ, CL = 30pF 
*Volrfe isa differential input voltage referred from A+ to A- and from B+ to B-. 


~ 
= 


Vcc = 5.0V VEE =-10V 
VijnO>3.0V, R~_ = 0.39kQ, CL = 30pF 
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9622 | | Dual Line Receivers 


ELECTRICAL CHARACTERISTICS (00°C to +75°C, Vcc = 5.0V +5%, VEE = -10V +5%) 


SYMBOL 
MIN| MAX] MIN MIN [MAX 
VOL Output Low Voltage |Vcc = 4.75V VEE = -10.5V 0.45 0.25 
"VDIFF=2.0V IoL-14.1mA 
VOH Output High Voltage | Vcc = 4.75V VEE = -9.5V ; 5 : 
*"VDIFF=1.0V) IoH =-0.2mA 
200 
SC 


CHARACTERISTICS CONDITIONS & COMMENTS 


Vcc = 4.75V 


VEE = -10.5V 


ICEX Output Leakage LA 
Current "VDIFF=1.0V. VcExX = 5.25V 

| Output Shorted Vcc = 5.0V VEE = -10V -1.3} -3.1 ~2.15] -3.1/-1.3|-3.11 mA 
Current “VDIFF=1.0V Vsc=0V 

IR(ENABLE) | Enable Input Leakage | Vcc = 4.75V VEE = -10.5V UA 
Current $3 = 4.75V VR =4.0V 

IF(ENABLE) | Enable Input Vcc 5.25V VEE = -9.5V mA 
Forward Current $3 = 0V VF =0V 


lF(+ INPUT) |+ Input Vcc = 5.0V VEE = -10V 
Forward Current ~Input = Gnd VF =0V 
lF(- INPUT) |- Input Vcc,$3=5.0V VEE =-10V 
Forward Current + Input = Gnd VF=0V 
VIL(ENABLE) | Input Low Voltage [Vcc =5.0V+5% VeE=-10V+5% | 
Vth Differential Input \Vcc = 5.0V +5% Vere =-10V 5% 
Threshold Voltage 
VCM Common Mode Vcc = 5.0V Ver =-10V 
Voltage “VDIFF = 1.0V or 2.0V 
icc bal 


~ 
on) 


5V Supply Current $3, + Inputs = 5.25 V, -Inputs = OV 


-~i0V Supply Current | Vcc = 5.25V VEE = -10.5V 
$3, + Inputs = 5.25V, —Inputs = OV 
tod+ Turn-off Time Vcc = 5.0V VEE =-10V 
ViInO73.0V, Ru- = 3.9kQ, CL = 30pF 


*VpIFF is a differential input voltage referred from A+ to A- and from B+ to B-. 


TYPICAL APPLICATIONS 


Vcc = 5.0V VEE =-10V 
VinO>3.0V, RE = 0.39kQ, Cy = 30pF 


N fo} on = 

| | Ett | steal 8} a} al 
3/3 

| | a] 3}3}e] <| << 


WAVEFORMS 


teat 
| 


SWITCHING TIME TEST CIRCUIT 


STANDARD USAGE OV 


DRIVER SYSTEM | RECEIVER SYSTEM 


| 
LINE 

| 
| I 
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Dual Line Receivers 


9622 


TYPICAL ELECTRICAL DATA 


Vo. - OUTPUT LOW VOLTAGE - mW 


- TURN ON TIME - ns 


tis 


- QUTPUT VOLTAGE - VOLTS 


Vout 


Output Low Voltage 
versus Output Low Current 


0 5.0 10 15 20 


lo. - OUTPUT LOW CURRENT - mA 


Turn On Time versus 
Ambient Temperature 


LOAD 8. R= = 3900 C. = 30pF ye = 5.0V 
LOAD C: R, = 2000 C, = SOpF V, = 3.0V 


[yon oe wae | 
Ci 


DARE een on on oe oa 


—60 20 0 20 60 100 140 


T, - AMBIENT TEMPERATURE - °C 


Vout - VoiFF 
Transfer Characteristics 


_———— 


, =o NT 


Voire - DIFFERENTIAL INPUT VOLTAGE VOLTS 


2.0 


Vou - OUTPUT HIGH VOLTAGE - VOLTS 


- TURN OFF TIME - ns 


te 


* Vout - OUTPUT VOLTAGE - VOLTS 


Output High Voltage 
versus Output High Current 


(hese TEP 
$c A 


0 -05 —10 -15 -20 -—25 —3.0 
lou - OUTPUT HIGH CURRENT - mA 


Turn Off Time versus 
Ambient Temperature 


gy }LOAD A: R. = 5000 C, = 50pF Vi = 
LOAD B: R, = 3.9k0 C, = 30pF V, = 5.0V Inet 
LOAD C: R, = 2000 C, = 50pF V, = 3.0V 


0 
—60 -20 0 20 60 100 140 
T, - AMBIENT TEMPERATURE - °C 


Output Voltage versus 
Common Mode Voltage 


neato [w=] [IT 
PTET Cy 


LS ES NS SRS A CS SRS ED TTS 


—20 —12 —40 0 40 12 20 
Vom - COMMON MODE VOLTAGE - VOLTS 


- OUTPUT VOLTAGE - VOLTS 


Vous 


POWER DISSIPATION - mW 


Po - 


- INPUT CURRENT - mA 


hin 


Logic Levels versus 
Ambient Temperature 


35 ae ese (a RD) ER 


(2 eee 


WORST CASE Vou @ lon = —0.2mA 


Vec = 4.5V 


WORST CASE Vo. @ lov = 12.4mA 
TYPICAL Vo. @ lou = 12.4mA 

a ae 
a a so as 
et eee 
—60-40-20 0 20 40 60 80 100 120 140 


T, - AMBIENT TEMPERATURE °C 


Power Dissipation versus 
Ambient Temperature 


WORST CASE Po @ Veco = 5.5V Veg = —11V 


| 
aa 
1 2 EE GE We one. =k 


—60 -—20 0 2 60 100 140 
T, - AMBIENT TEMPERATURE - °C 


Input Current versus 
input Voltage 


oe 
sso | | | [+ineur YY 
CELE Ne 
PTT TT TA near 
ie Bagge 


40 


S12 S80 a0 0 4.0 8.0 12 
Vin - INPUT VOLTAGE - VOLTS 
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8118 Dual Line Drivers 


GENERAL DESCRIPTION a DESIGN FEATURES 


The RMST SBCs ee meneliue ou es eee cesignes - @ High-Power Drive Specified at —-75mA Sink Current Rating 
to drive 50-ohm or 75-ohm coaxial transmission lines. TTL | ee ° 

nee ; at 2.4V (V ‘1'’ Out) at 25 C 

multiple emitter inputs allow this line driver to interface with a 

standard TTL or DTL systems. The outputs are designed to @ Party-Line Operation 

drive long lengths of coaxial cable, strip line, or twisted pair @ Input Gating Structure Allows Use of “YOR” and “AND” 
transmission lines with impedances of 50 to 500 ohms. Function . 

The device incorporates a latch-back short-circuit protection @ High Speed ton = torr = 20ns Maximum 


feature which protects the device by limiting the current it 


may source when operating under conditions of zero load 
resistance. ® Single 5V Power Supply 


@ Input Clamp Diodes Protect Inputs from Line Ringing 


The RM8T13 operates over a temperature range of —55°C 
to +125°C. The RC8T13 operates from 0°C to +75°C. : 


LOGIC DIAGRAM 


B OUTPUT 


CONNECTION INFORMATION 


9{_J B OUTPUT 


DD Dual In-line Packages 
(Top View) 


Order Part Nos.: 
RC8T13DD, RM8T13DD 
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Dual Line Drivers 81713 
ABSOLUTE MAXIMUM RATINGS 


Input and Output Voltage, Vcc Storage Temperature 
Inout Current: ....664 cee ees eee eee ee me +30mA MP Package -—65°9C to +1500C 


Operating Temperature L and DD Package -65°9C to +2000C 


RM8T13 -~550C to +1250C Thermal Resistance (6 j-A, Junction to Ambient for Each 


RC8T13 0°C to +750 Package) 
MP Package 0.169C/mW 


L Package 0.129C/mWw 


DD Package 0.10°C/mW 
INPUTS 
LIMITS TEMP °C | Vcc |UNDERIOTHER| OF #2 
TYP |MAX | UNIT | S | N_ [Volts] TEST |INPUTS|AND GATE |OUTPUTS |NOTES 
Ftv | os | 2.0V -75mA 
es a 2.0V | 2.0V -75mA 
ae 
bail iad 


ELECTRICAL CHARACTERISTICS (Recommended Operating Voltage 5V +5%. Notes 1-5.) 
TEST CONDITIONS 


CHARACTERISTICS 


A 
SN 
or 


“1 Output Voltage 


2 


NO 
©O 


4 
2.6 


A 
~~ 
o1 


| WA | 4125 8V_| 4.5V ov 


mA }-55,+25,/0,+25,; 5.25 AV | 4.5V 
+125: | +75 


me [eo [av | | 
ae eee 
ak 
a ae: 
an SRR: 


‘1’ Output Leakage +25 


Current 


E 
NO 
o1 


=) =) Oo 
< < 


“Q"' Output Leakage 
Current 


NO 
o1 


“O" Input Current 


ol 
< 


“1 Input Current 


! 
s 
Oo 


NO 
fs 
+ 
NO 
ol 
+ 
N 
ol 


Turn-On Delay 


ns | 225 


315/60 +25 0.8V flow | | 


Turn-Off Delay 


NO GO 
NO NO 


Power/Current 
Consumption: 


Output at “0” 
Output at “1” 


ad 


Input Latch Voltage 


Input Clamp Voltage 


NOTES: 
1. All voltage measurements are referenced to the ground terminal. Ter- 10. Load is 3792 in parallel with 1000pF. 
minals not specifically referenced are left electrically open. 11.lo¢ is dependent upon loading. Icc limit specified is for no-load 
2. All measurements are taken with ground pin tied to zero volts. test condition. 
3. Positive current is defined as into the terminal referenced. 12. Reference AC Test Circuit and Pulse Requirements. 
4.Positive logic definition: “UP” Level = ’'1’", “DOWN” Level = “0”. 13. Reference “Typical Output Current vs. Output Voltage Curve.” 
5. Precautionary measures should be taken to ensure current limiting in 14, Output sink current is supplied through a resistor to Vcc. 
accordance with Absolute Maximum Ratings should the isolation 15. One DC fan-out is defined as 0.8mA. 
diodes become forward biased. 16. Hysteresis is defined as voltage difference between R input fevel at 
6. Output source current is supplied through a resistor to ground. which output begins to go from 0" to “1” state and level at which 
7. This test guarantees operation free of input latch-up over the speci- output begins to go from “1” to “0”. 
fied operating supply voltage range. 17.See Hysteresis test circuit. 
8.With forced output voltage of 3 Volts no more than 500uA will 18. Previous condition is a ‘’1"’ output state. 
enter the driver when output is in ‘’0”’ state. 19. Previous condition is a ‘’‘O’’ output state. 
9.R_, = 3722 to ground. 20. One AC fan-out is defined at 50pF. 
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8114 | Triple Line Receivers 


GENERAL DESCRIPTION DESIGN FEATURES 

The RM8T14/RC8T14 is a triple line receiver designed for Built-in Inout Threshold Hysteresis” 
applications requiring digital information to be transmitted 
over long lengths of coaxial cable, strip line, or twisted pair 
transmission lines. 


High Speed ton = torr = 20ns Typical 

Each Channel Can Be Strobed Independently 
Fanout of 10 With Standard TTL IC 

Input Gating Increases Application Flexibility 


The receiver's high impedance input structure presents a mini- 
mal load to the driver circuit and allows the transmission line 
to be terminated in its characteristic impedance to minimize 
line reflections. The built-in hysteresis characteristic of the 
RM8T14/RC8T14 also makes it ideal for such applications as 
Schmitt triggers, one-shots and oscillators. 


Operates From Single 5V Logic Supply © 


*Hysteresis is defined as the difference between the input threshold for 


(°) 
The RM8T 14 operates over a temperature range of -55 C to the 1". and “0” output states. Hysteresis is specified at 0.5V typically 
+125 C, The RC8T14 operates from 0 C to +75 C. and 0.3V minimum over the operating temperature range. 
LOGIC DIAGRAM 


CONNECTION INFORMATION 


DD Dual In-line 
Packages 
(Top View) 
Order Part Nos.: 
RM8T14DD, RC8T14DD 
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Triple Line Receivers 8T14 


ABSOLUTE MAXIMUM RATINGS 


Input and Output Voltage, VCC ....--- eee eee : Storage Temperature 


MipUb CUTFONt 208.6%, < as a ae ek ees +30mA MIP: PACKage: 2x. 3. 6 or aterta- eo ah. oe ae -65°C to +150°C 
Outout’ Current: 4.5.64 hace we ae BE Ae an +100mA LE Package sc in Gee kobe oa eas -65 C to +200 C 
Operating Temperature Thermal Resistance (@j_a, Junction to Ambient 

AMBT14 . clico2 aie ewe oes ~55°C to +125°C for Each Package) 

ROOT: oe eae ih eta lod ody wis. £ See 0°C to +75°C MP Package ........0 0 cece eeu eeee 0.16°C/mW 


Ls Pac Kage: sii tesla, of hdc ee es tea alia, ane ale whe 0.12°C/mWw 


Consumption 
Input Latch 
Voltage 


Output ShortCircuit 
Current 


a ee Voltage 


Sean Fall Time 


m 0 
re 
4 a 


= 
eee ae eae 


+] + 
NTS 
3 
No} 
01/01| 01 
N 
or 
Ww 
00 
< 
am 
=) 
> 
an) 
< 
2 


PPP 


: 
NO 
o1 
NO 


w 
©0 
< 
=) 
Hs 


cy 
NINES ne 
~ 


ES 
~ 
or 
> 
2) 
nl 
© 
& 


TEST CONDITIONS 
LIMITS UNIT Vcc INPUTS 
cHaracrenistics [Win] Tye [Wax | [$ [ N |volw| RS [A [8 foureur 
28] | | V_ | +25 | +25 5.00 |2.0V ray {ov [ov] Boone | 8 
26] | | V___[+55,4125/0,+75] 4.75 | ov | 08v | OV [ OV | -500uA| 6, | 
28] | | Vf +25 | +25 -S.00-Lov_[oav_[ ov tov] 800A [6 
26] | =| V___[-55,+125/0,+75| 5.00 |1.45v| 4.5v | ov | OV | -500uA | 6, 18 | 
[2e, |...) Vv. | 406 | +25 | 5.00 [1.45V| 4.5V | OV | OV | ~500uA | 6, 18° 
“O' Output Voltage | | || 0.4 | Vv |-55,4125/0,+75| 4.75 [o.sv | 2.0v | ov_ | OV | 16mA | 14 | 
| {| -— — UdT 4 | UV +25 | +25: | 5.00 |0.8V | 20v | OV | OV _| 16mA | 14 | 
| | 4 | lv [+55,4125)0,475| 4.75 | ov | ov | 20v | 2.0v | 16mA | 14 | 
a ae Te i ee ae Be Hc A a 
Condition +125 +75 
mela Page Pcl fe [eet 
+125 +75 
ee Pe ee ae 
+125 | +75 
ley Meet ule aaa me =F 
+125 | +75 
“1 Input Current(Rn | | | 0.17 | mA +75 | 5.25 a ees ae 
S| | | 40 | wA | +125 | +75 | 5.25 [3ev[45v[ | 
A 
Bo{ | | 40 | wA | #125 [+75 [525 [  [ [ov | 45v_ 
Pager | Pm foo |» fas sls] | | | paca 
ealy 
"sagen | [a [oo | [vas [sf] | [| fpcro 
ee ee ei 
Z ill ak 
Ea 
5.5 | 
Phila 
bed 


Ea 
NO 
oOo 
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8T14 


NOTES: 

1. All voltage measurements are referenced to the ground terminal. Ter- 
minals not specifically referenced are left electrically open. 

2. All measurements are taken with ground pin tied to zero volts. 

3. Positive current is defined as into the terminal referenced. 

4.Positive logic definition: ‘“UP’’ Level = ‘’1'", “DOWN” Level = ‘‘0”. 

5.Precautionary measures should be taken to ensure current limiting in 
accordance with Absolute Maximum Ratings should the isolation 
diodes become forward biased. 

6. Output source current is supplied through a resistor to ground. 

7. This test guarantees operation free of input latch-up over the speci- 
fied operating supply voltage range. 

8.With forced output voltage of 3 Volts no more than 500KA will 
enter the driver when output is in ‘’0”’ state. 

9.R_ = 3722 to ground. 


Triple Line Receivers 


10. Load is 372 in parallel with 1000pF. 

11.lo¢c is dependent upon loading. Icc limit specified is for no-load 
test condition. 

12. Reference AC Test Circuit and Pulse Requirements. 

13.Reference “Typical Output Current vs. Output Voltage Curve.’ 

14. Output sink current is supplied through a resistor to Vcc. 

15. One DC fan-out is defined as 0.8mA. 

16. Hysteresis is defined as voltage difference between R input level at 
which output begins to go from ‘’0’’ to ’'1"’ state and level at which 
output begins to go from ‘'1"’ to “0”. 

17.See Hysteresis test circuit. 

18. Previous condition is a ‘’1’’ output state. 

19. Previous condition is a ‘’O’’ output state. 

20. One AC fan-out is defined at 50pF. 
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Dual Line Drivers 


8T23 


GENERAL DESCRIPTION 


The RM8T23/RC8T23 is a dual line driver designed to meet 
all the requirements of the IBM System 360 interface specifi- 
cation for interface drivers. 


The low impedance emitter follower output will drive ter- 
minated fines such as coaxial cable or twisted pair. The output 
is protected against accidental shorting by an internal clamping 
network which turns on once the output voltage drops below 
approximately 1.5V. The uncommitted emitter output struc- 
ture allows ‘‘Dot-OR”’ logic to be performed as in “‘party-line’”’ 
operations. 


The RM8T23 operates from —55°C to +125°C; the RC8T23 
from 0°C to +70°C. 


LOGIC DIAGRAM 


CONNECTION INFORMATION 


DESIGN FEATURES 
@ Output Current 59.3mA at 3.11V 


@ Uncommitted Emitter Output Structure for Party-Line 
Operation 


@ Short-Circuit Protection 
@ Single 5V Power Supply 
@ AND-OR Logic Configuration 


A OUTPUT 


B OUTPUT 


91 J B OUTPUT 


DD Dual In-line 
Packages 
(Top View) 


Order Part Nos.: 


RM8T23DD, RC8T23DD 
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8723 


Dual Line Drivers 


ABSOLUTE MAXIMUM RATINGS 


Input Voltage 
Output Voltage 
Vcc 


“1 Input Current 
Vcc = 5.0V, Ta = 25°C 
“1"’ Output Voltage 


Turn-off Delay 


Power/Current Consumption 
Output at “0” 
Output at “1” 


NOTES: 


1.All voltage measurements are referenced to the ground terminal. 
Terminals not specifically referenced are left electrically open. 

2.All measurements are taken with ground pin tied to zero volts. 

3.Positive current is defined as into the terminal referenced. 

4.Positive logic definition: ‘‘UP’’ Level=''1"", “DOWN” Level=“0’’. 

5.Precautionary measures should be taken to ensure current limiting 
in accordance with Absolute Maximum Ratings should the isolation 
diodes become forward biased. 

6.Output source current is supplied through a resistor to ground. 

7.With forced output current of 240uA the output voltage must not 
exceed 0.15V. 

8.R, = 50 ohms to ground. 

9. Load is 50 ohms in parallel with 1000pF. 


AC TEST CIRCUIT AND WAVEFORMS 


AC Test Diagram 


INPUT PULSE: 
Amplitude = 3.0V 
50 (92) PW = 40ns (50% Duty Cycle) 
ty = te < 5ns (10% and 90% , 
measurement points) 


5-16 


Operating Temperature 


-55°0C to +1250 
09°C to +7590C 


INPUT 
UNDER 


10. This test guarantees operation free of input latch-up over the speci- 
tied operating supply voltage range. 

11.1lc¢ is dependent upon loading. Ic¢c limit specified is for no-load 
test condition for both drivers. 

12. Reference AC Test Circuit and Pulse Requirements. 

13.Reference ‘Typical Output Current vs. Output Voltage Curve.” 

14.Vcc = 0.00V. 

15.Vcc = 5.25V. 

16.Output sink current is supplied through a resistor to Vcc. 

17.Hysteresis is defined as voltage difference between R input level at 
which output begins to go from “‘0"’ to ‘'1”’ state and level at which 
output begins to go from “1” to “0”. 

18.See Hysteresis test circuit. 


Pulse Requirements 


L~— tdoff — Li tdon —>, 
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Triple Line Receivers 8124 


GENERAL DESCRIPTION DESIGN FEATURES 


The RM8T24/RC8T24 are triple line receivers designed speci- 
fically to meet the IBM System 360 interface specification. 
Each receiver incorporates hysteresis to provide high noise 
immunity and high input impedance to minimize loading on 
the driver circuit. 


The RM8T24/RC8T24 is fully compatible with TTL and DTL 
systems and operates from a single 5V power supply. 


The RM8T24 operates over a temperature range of —55°C 
to +125°C. The RC8T24 operates from 0°C to +70°C. 


Built-in Input Threshold Hysteresis” 

High Speed ton = torr = 20 ns Typical 

Each Channel Can Be Strobed Independently 
Fanout of 10 With Standard TTL IC 

Input Gating Increases Application Flexibility 


Operates From Single 5V Logic Supply 


LOGIC DIAGRAM 


CONNECTION INFORMATION 


DD Dual In-line 


Packages 
(Top View) 


Order Part Nos.: 
RM8T24DD, RC8T24DD 


*Hysteresis is defined as the difference between the input threshold for 
the 1’ and “0” output states. Hysteresis is specified at 0.4V typically 
and 0.2V minimum over the operating temperature range. 
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aT 24 


Triple Line Receivers 


ABSOLUTE MAXIMUM RATINGS 


~ Input and Output Voltage, VCC +7,0V 
+30mA 
Output CUrrENt. 6 <4 22S Se ee ee ee ees +100mA 


Input Current 


sent 


Output Voltage 


Operating Temperature 
RM8T24 
RC8T24 


~55°C to +1250C 
0°C to +759C 


“0” Input Current 
S 


“1” Input Current 


ie 
a 
— 
rm 
ened 


Vcc = 5.0V, Ta = 25°C 


Turn-on Propagation Delay 


NOTES: 


1. All voltage measurements are referenced to the ground terminal. Ter- 
minals not specifically referenced are left electrically open. 

2. All measurements are taken with ground pin tied to zero volts. 

3. Positive current is defined as into the terminal referenced. 

4.Positive logic definition: ‘“UP’’ Level = ’71’’, ‘““DOWN” Level = ‘’0’’. 

5. Precautionary measures should be taken to ensure current limiting in 
accordance with Absolute Maximum Ratings should the isolation 
diodes become forward biased. : 

6. Output source current is supplied through a resistor to ground. 

7.With forced output current of 240uUA the output voltage must not 
exceed 0.15V. 

8.R_ = 50 ohms to ground. 

9. Load is 50 ohms in parallel with 1000pF. 


o1 


— =_=} — 
NO] NO . 


10. This test guarantees operation free on input latch-up over the speci- 
fied operating supply voltage range. 

11.l¢¢ is dependent upon loading. Icc limit specified is for no-load 
test condition for both drivers. 

12. Reference AC Test Circuit and Pulse Requirements. 

13. Reference ‘Typical Output Current vs. Output Voltage Curve.” 

14.Vcc = 0.00V. 

15.Vec = 5.25V. 

16. Output sink current is supplied through a resistor to Vcc. 

17. Hysteresis is defined as voitage difference between R input level at 
which output begins to go from ‘0’ to *‘1”’ state and level at which 
output begins to go from “’1”"’ to “’0”’, 

18.See Hysteresis test circuit. 
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Memory Drivers 


55325/75325 


GENERAL DESCRIPTION 


The RM55325/RC75325 are monolithic integrated circuit 
memory drivers with logic inputs designed for use with mag- 
netic memories. 


The devices contain two 600mA source switch pairs and two 
600mA sink-switch pairs. Source selection is determined by 
one of two logic inputs, and source turn-on is determined by 
the source strobe. Likewise, sink selection is determined by 
one of two logic inputs, and sink turn-on is determined by the 
sink strobe. This arrangement allows selection of one of the 
four switches and its subsequent turn-on with minimum time 
skew of the output current rise. 


The RM55325 will operate over a temperature range of —55°C 
to +125°C. The RC75325 operates from O°C to +70°C. 


LOGIC DIAGRAM 


STROBE $1 
B 


STROBE S2 
C 


CONNECTION INFORMATION 


SOURCE 


DD Dual In-line Packages 
(Top View) 


Order Part Nos.: 
RM55325DD, RC75325DD 


DESIGN FEATURES 

@ 600mA Output Capability 

Fast Switching Times 

Output Short-Circuit Protection 
Dual Sink and Dual Source Outputs 


Minimum Time Skew Between Address and Output Current 
Rise 

24V Output Capability 

Source Base Drive Externally Adjustable 

TTL or DTL Compatibility 

Input Clamping Diodes 

Transformer Coupling Eliminated 

Reliability Increased 


Drive Line Lengths Reduced 


Use of External Components Minimized 


SOURCE 
COLLECTORS 


W 


Pin9=Vcc} 

Pin 12 = Rint 

Pin 13 = NODE 2. 
Pin 16 = Veco 


= high level, L = low level, X = irrelevant 
NOTE: Not more than one output is to be on at any one time. 
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55325/75325 Memory Drivers 


ABSOLUTE MAXIMUM RATINGS | 


Supply Voltage Operating Temperature . 
Vcc (Note 1) RM55325 -55°C to +125°0C 
Vcca2 (Note 1) RC75325 09°C to +709C 


Input Voltage (any address or strobe input) Storage Temperature -65°C to +1500C 
Continuous Total Dissipation (at or below +70°C) 800mW Lead Temperature (Soldering, 10s) +3000C 


ELECTRICAL CHARACTERISTICS 


St 

PARAMETER co Typ | MAX 
(Note 3) 
ree ee ee 


UN 
ener TYP | MAX 

(Note 3) 

Vint [High Level Input Voltage (20 os ee 
Low Level Input Voltage 


eee Fame (eee |<) ee 
Vi Input Clamp Voltage Vcc1=4.5V, Vcc2=24V, 
vie fos erevoe SRS YeSRAT Ta [-1o] ova orl 
loff) Source-collectors Terminal Vcc1=4.5V, [Fullrange | | =| 500; | ‘| 200) A 
[00 fone pull Vec2-24v_[ta=25ec | | 3.0 [150] | 3.0 | 200] © 


VOH High Level Sink Output Voltage Vcc1=4.5V, Vcc2=24V, 
Io =0 23 23 V 
V(sat) {Saturation Voltage Vcc1=4.5V, 
(Note 5) Full range 


75325 
ITS 
V 


l(source)*-600mMA TA = 25°C 0.43 | 0.7 0.43 | 0.75]. 
(Note 2) 
Vcc1=4.5V, | 

Vcec2=15V, Full range 

RL=24Q, 

l(sink)*600mA sk 

(Note 2) TA=250C 0.43 | 0.7 0.43 | 0.75 


eel 
| 2.0) | 


— 
ae 

o [al 30 
| 80] | 6.0 
6] [107 
| -3.2] | -2.0_ 
rae [4 

mE 


Input Current at max-jaddress inputs| Vcc1=5.5V, Vcc2=24V, 
lH High Level Input Vcc1=5.5V, Vcc2=24V, 
iN eit Emir 
He Low Level Input Vcc1=5.5V, Vcc2=24V, 


NO OO 
oO =) 


22 
2 


ICC(off) Supply Current, All {from Vcc1 |Vcc1=5.5V, Vcc2=24V, 
Sources and Sinks Offf¢ Vec2 |TA = 25°C 75 


32 


Icc1 Supply Current fgom Vcc1, Vcc1=5.5V,  Vec2=24v, 
Either Sink On l(sink)=50mA, TA = 25°0C 

Icc2 Supply Current from Vcc2, Vcc1=5.5V, Vcc2=24V, 
Either Source On 


ale 
NO 


SW TN (ee) N 


3 3 3 3 = 3 
> | > > > > > 


(source)=-50MA, TA = 250C 
SWITCHING CHARACTERISTICS (Vcc1 = 5V, Ta = 25°C) 


PARAMETER TO (OUTPUT) CONDITIONS | MIN | TYP | MAX | UNITS 
Z = _ ee ee ee 
eee eee nee eee ne eben ee 
as a 2 eee: SS |: ees 
SOE NS na ee eo ee een a 0 
; _ a a ee ee 
lida alla Sc he a eS GRY SE] RNS 
al 7 = Tr T™~é—(CSCSOO CC HTS fons | 
Sink nde.__. VGC2= TOVARL 00 Cis eer i 0 
Vec2=15V, RL=242,C_=25pF {| | 1B | ns | 
NOTES: ” < 200us, duty cycle < 2%. . 
1. Voltage values are with respect to network ground terminal. 3. All typical values are at Ta = 25°C. 
2. These parameters must be measured using pulse techniques tw = 4. Not more than one output is to be on at any one time. 
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SECTION 6 


Special Functions 


CONTENTS 

BOD TIMER. ok 4a eek arate Wa eee aaa 6-2 
B56 (DUalTimer: wake oS eed ae eek SS SS eS 6-6 
4151 Voltage-to-Frequency Converter ........... 6-10 
4444 4x4x2 Balanced Switching ............... 6-17 


Crosspoint Array 


6-1 | 


555 | | Timer 


GENERAL DESCRIPTION DESIGN FEATURES | 


The RC555 and RM555 monolithic timing circuits are highly 
stable controllers capable of producing accurate time delays 
or oscillation. In the time delay mode, delay time is precisely 
controlled by only two external parts: a resistor and a capaci- 
tor. For operation as an oscillator, both the free running 
frequency and the duty cycle are accurately controlled by two 
external resistors and a capacitor. 


Timing From Microseconds Through Hours — 
Operates in Both Astable and Monostable Modes 

Adjustable Duty Cycle 

Output Drives TTL 

High Current Output Can Source or Sink 200mA 

Temperature Stability of 0.005%/°C | 


Terminals are provided for triggering and resetting. The circuit 
Normally On and Normally Off Output 


will trigger and reset on falling waveforms. The output can 
source or sink up to 200mA or drive TTL circuits. 


SCHEMATIC DIAGRAM 


6 e 
THRESHOLD 


OUTPUT 


oe {as PH 
isl 


Grouno[_]1@ 
TRIGGER[]2 7/7 DISCHARGE 
output [3 6{—] THRESHOLD 


CONTROL 
RESET VOLTAGE 


TE Metal Can Package NB Dual In-line 
(Top View) (Top View) 


Order Part Nos.: Order Part Nos. 
RC555T, RM555T RC555NB, RV555NB 


PRAYTHEON | RAYTHEON COMPANY - SEMICONDUCTOR DIVISION - 350 ELLIS STREET - MOUNTAIN VIEW, CALIFORNIA 


6-2 


Timer 555 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage Operating Temperature Range 
Power Dissipation 

Storage Temperature Range -659C to +1500C 

Lead Temperature (Soldering, 60s) +3000C 


PARAMETER CONDITIONS 


soreness ————veesprnrss— sto 
Supply Current Vcc = 5V, RL = a 
ee ae mA 
Low State, (Note 1) 
Timing Error RA, RB= 1kQ to 100kQ2 
C =0.1puF (Note 2) 
Initial Accuracy % 
Drift with Temperature i ppm/°C 
Drift with Supply Voltage 0. a 0.02 %/Volt 


BAEC SRE (es a % Bac 


Trigger Voltage Vcc = 15V 4.8 
Vcc = 5V 1.45 1 ss 1. 1s 


[TriggerCurrent 
Pte a or 
[Reset Current tT 


aac cw a 


Control Voltage Level Vcc = 15V 9.6 10 10.4 9.0 10 
Vcc = 5V 2.9 3.33 3.8 2.6 3.33 
Output Voltage Drop (low) Vcc = 15V 
ISINK = 10mA 
ISINK = 5OmA 
ISINK = 100mA 
ISINK = 200mA 
Vcc = 5V 
ISINK = 8mA 
ISINK = 5mA 
Output Voltage Drop (high) ISOURCE = 200mA 
Vcc = 15V 
ISOURCE = 100mA 
Vcc = 15V : 
Vcc = 5V 3.3 


Rise Time of Output Pst 100 


Fall Time of Output 


NOTES: 


1. Supply current when output high typically 1mA less. 
2. Tested at Vcc = 5V and Vcc = 15V. 
3. This will determine the maximum value of Ra + Rg. For 15V operation, the max total R = 20 megohm. 
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555 | 7 Timer 


TYPICAL ELECTRICAL DATA 


Minimum Pulse Width Supply Current High Output Voltage 
Required for Triggering vs Supply Voitage vs Output Source Current 


. od 


MINIMUM PULSEWIDTH — ns 
Vec — Vout — Volts 


SUPPLY CURRENT — mA 


i 20 
LOWEST VOLTAGE LEVEL SUPPLY VOLTAGE — Volts ISOURCE — mA 
OF TRIGGER PULSE — X Vcc 


Low Output Voltage Low Output Voltage Low Output Voltage 
vs Output Sink Current vs Output Sink Current ve Output Sink Current 


Wel 
NN om 
BANG 


| 5.0 10 20 
ISINK — MA ISINK — MA ISINK — mA 


Delay Time vs Delay Time Propagation Delay vs Voltage 
Supply Voltage vs Temperature Level of Trigger Pulse 


NORMALIZED.DELAY TIME 
NORMALIZED DELAY TIME 
PROPAGATION DELAY — ns 


-§0 -26 0 +25 +50 +75 +100 +125 


SUPPLY VOLTAGE - Volts TEMPERATURE - °C LOWEST VOLTAGE LEVEL 
: OF TRIGGER PULSE — X Voc 


TYPICAL APPLICATIONS 


+Vec (5 to 15V) 


Missing Pulse Detector 


With the RC555/RM555 connected as shown, the timing 
cycle will be continuously reset by the input pulse train. A 
change in frequency, or a missing pulse, allows the timing 
cycle to go to completion and change the output level. For 
proper operation the time delay should be set slightly longer 
than the normal time between pulses. 


OUTPUT 
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Timer 


TYPICAL APPLICATIONS (Cont.) 


Monostable Operation 


In this mode, the timer functions as a one-shot. The ex- 
ternal capacitor is initially held discharged by a transistor 
internal to the timer. Applying a negative trigger pulse to 
Pin 2 sets the flip-flop, driving the output high and releasing 
the short-circuit across the external capacitor. The voltage 
across the capacitor increases with time constant r = RAC 
to 2/3 Vcc, where the comparator resets the flip-flop and 
_discharges the external capacitor. The output is now in the 
low state. 


+Veg (5 To 15V) 


Free Running Operation 

With the circuit connected as shown, it will trigger itself 
and free run as a multivibrator. The external capacitor 
charges through Ra and Rg and discharges through Rp 
only. Thus the duty cycle is set by the ratio of these two 
resistors, and the capacitor charges and discharges between 


+Vcc (5 to 15V) 


OUTPUT 


995 


Circuit triggering takes place when the negative-going trig- 
ger pulse reaches 1/3V¢c and the circuit stays in the out- 
put high state until the set time elapses. The time the 
output remains in the high state is 1.1RAC and can be 
determined by the graph. A negative pulse applied to Pin 
4 (reset) during the timing cycle will discharge the external 
capacitor and start the cycle over again beginning on the 
positive-going edge of the reset pulse. If reset function is 
not used, Pin 4 should be connected to VC to avoid false 
resetting. 


Time Delay 
vs Ra, Re and C 


aw 
a 
| 
w 
o 
2 
< 
& 
3 
< 
a 
< 
So 


VA | 
VV VV 


100 1 #10 #100 «#1 10 
uS MS MS MS S S 
TIME DELAY 


1/3Vcc and 2/3Vcc. Charge and discharge times, and 
therefore frequency, are independent of supply voltage. 
The free running frequency versus RA, Rp, and C is shown 
in the graph. 


Free Running Frequency =! 00 
vs Ra, Re and C 


CAPACITANCE — uF 


0.01 mK AANA 
0.001 INNNA 


Hz Hz Hz Hz kHz kHz kHz 
FREE RUNNING FREQUENCY 
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996 | Dual Timer 


GENERAL DESCRIPTION DESIGN FEATURES 


The RC556 and RM556 monolithic timing circuits are highly Timing From Microseconds Through Hours 


stable controllers capable of producing accurate time delays Operates in Both Astable and Monostable Modes 
or oscillation. In the time delay mode, delay time is precisely ; | 
controlled by only two external parts: a resistor and a capa- Adjustable Duty Cycle 

Output Drives TTL 


citor. For operation as an oscillator, both the free running 
frequency and the duty cycle are accurately controlled by two High Current Output Can Source or Sink 200mA 
Temperature Stability of 0.005%/°C 


external resistors and a capacitor. 
Terminals are provided for triggering and resetting. The circuit 
Normally On and Normally Off Output 


will trigger and reset on falling waveforms. The output can 


source or sink up to 200mA or drive TTL circuits. 


SCHEMATIC DIAGRAM 


THRESHOLD CONTROL 


VOLTAGE 


TRIGGER 


RESET 


DISCHARGE 


CONNECTION INFORMATION 


DISCHARGE A ein 
THRESHOLD AL__]2 13|__] DISCHARGE B 
CONTROLAL_J3 12[__J THRESHOLD B 
RESET AL_]4 l1L_J CONTROL B 
OUTPUT AL_J5 10]__J RESET B 
TRIGGER AL__J6 9]__JOUTPUT B 
GROUNDL_]? 8{__] TRIGGER B 


D and DP 
Dual In-line Package 
(Top View) 


Order Part Nos.; 
RC556DB, RC556DC, 
RM556DC 
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Dual Timer | | 556 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage Operating Temperature Range : 5 
Power Dissipation : 56 0 Cto+70 C 


Storage Temperature Range -65°C to +150°C -55°C to +1 25°C 
Lead Temperature (Soldering, 60s) +300°C -40°C to +85°C 


ELECTRICAL CHARACTERISTICS (Vcc = +5V to +15V, TA = 250C unless otherwise specified) 


RM556_ RC556, RV556 
| a ee ; pe 
badiinelas CONDITIONS [MINT] TYP [MAX | MIN | TYP | | unirs 


| MAX _ 
[Supply Voltage | | 16 | 


| 18 | 45 | 
Supply Current (Each Side) Vcc =5V, RL = 3 3 mA 
Vcc = 15V, RL = 10 10 mA 
Low State, (Note 1) 


Timing Error (Free: Running) Ra, RR=2kQ. to 100kQ 
C = 0.1yuF (Note 2) 


Initial Accuracy 
Drift with Temperature 
Drift with Supply Voltage 


Timing Error (Monostable) 


Ra, Rg=2kQ to 100kQ 
C= 0.1pF (Note 2) 


Initial Accuracy 
Drift with Temperature 
Drift with Supply Voltage 


[Threshold Voltage | eV 


Trigger Voltage Vcc = 15V 4.8 5 5.2 5 
Vcc =5V 1.45 1.67 1.9 1.67 


[Trigger Current | p05 | | 
| Reset Voltage | 
| ResetCurrent oF ESOuie! 


fo) 
oO 
1a) 


Threshold Current | (Note 3) 


Control Voltage Level Vcc = 15V ; 
Vcc = 5V ; 


Output Voltage Drop (low) Vcc = 15V 
; ISINK = 10mMA 
ISINK = 50mA 
ISINK = 100mA 
ISINK = 200mA 
Vcc = 5V 
ISINK = 8mA 
ISINK = 5mA 
ISOURCE = 200mA 
Vcc = 15V 
ISOURCE = 100mA 
Vcc = 15V 


1 


~ 
) 
WO 


Oo 
aS 


Output Voltage Drop (high). 


nN © 
wo 


Rise Time of Output 
Fall Time of Output 


Matching Characteristics Between Each 
Section 
Initial Timing Accuracy 
Timing Drift with Temperature 

Drift with Supply Voltage 


—_ and 
Mwi Nn 
Ww ow 


%/Volt 


Notes on following page. 
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556 


TYPICAL ELECTRICAL DATA 


Minimum Pulse Width 
Required for Triggering 


“ C- ¢ 
€ E 
I |. 
= be 
Lee 2 
2 : 
; 7 
a) (+) 
= > 
a a 
= a 
2 > 
= ” 
z z 
- = 
i 
LOWEST VOLTAGE LEVEL 
OF TRIGGER PULSE ~ X Vcc 
Low Output Voltage 
vs Output Sink Current 

| 

= 


10 20 50 10 20 50 100 
ISINK ~ mA 


Delay Time vs 

Supply Voltage 
1.015 
1.010 


1.005 


NORMALIZED DELAY TIME 
= 
S 
NORMALIZED DELAY TIME 


0 5 10 15 - 20 
SUPPLY VOLTAGE — Volts 


NOTES 


1. Supply current when output high typically 2mA less. 
2. Tested at Vcc = 5V and Vcc = 15V. 


Dual Timer 


Supply Current 
vs Supply Voltage 


High Output Voltage 
vs Output Source Current. 


3 
S. 
_ 
p=) 
(=) 
> 
| 
ao 
(=) 
> 
0 
10 #20 ° 50 10 20 50 100 
SUPPLY VOLTAGE — Volts ISOURCE — MA 
Low Output Voltage Low Output Voltage 
vs Output Sink Current vs Output Sink Current 
10 
Estes Ps 
rane os a 
7 
tL et 
eC TTT 
2 ne a 
ee >. 
5 
[~] 
> 0.1 
* 
0.01 L_ 
10 2.0 50 10 20 50 100 
ISINK — mA 
Delay Time Propagation Delay vs Voltage 
vs Temperature | Level of Trigger Pulse 
300 
rd 
' 
> 
< 200 
Ut 
i=) 
z 
oO 
= 
<x 
o 
a 
i=] 
Cc 
a 
~60 -25 0 +25 +50 +75 +100 +125 0 0.1 0.2 0.3 0.4 


TEMPERATURE — °C 


LOWEST VOLTAGE LEVEL 


OF TRIGGER PULSE — X V¢c 


ent teenies tie Senet ane meeren mereenmena enter 


3. This will determine the maximum value of Ra + Rg. For 15V operation, the maximum total R = 20M2. . 
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Dual Timer 556 


BASIC OPERATIONAL MODES 


Monostable Operation 


In this mode, the timer functions as a one-shot. The ex- 
ternal capacitor is initially held discharged by a transistor 
internal to the timer. Applying a negative trigger pulse to 
Pin 2 sets the flip-flop, driving the output high and releasing 
the short-circuit across the external capacitor. The voltage 
across the capacitor increases with time constant r = RAC 
to 2/3 Vcc, where the comparator resets the flip-flop and 
discharges the external capacitor. The output is now in the 
low state. 


+Vec (5.0 TO 15 V) 


RL 


TRIGGER DISCHARGE 


THRESHOLD J“ 


% RC/RM556 


@ 
OUTPUT 


GROUND = — 


Free Running Operation (Astable) 


With the circuit connected as shown, it will trigger itself 
and free run as a multivibrator. The external capacitor 
charges through RA and Rp and discharges through Rp 
only. Thus the duty cycle is set by the ratio of these two 
resistors, and the capacitor charges and discharges between 


+Vec (5.0 TO 15 V) 


Ra 


a ° 


DISCHARGE 


OUTPUT 


GROUND = 


Circuit triggering takes place when the negative-going trig- 
ger pulse reaches 1/3Vccc and the circuit stays in the out- 
put high state until the set time elapses. The time the 
output remains in the high state is 1.1RAC and can be 
determined by the graph. A negative pulse applied to Pin 
4 (reset) during the timing cycle wil! discharge the external 
capacitor and start the cycle over again beginning on the 
positive-going edge of the reset pulse. If reset function is 
not used, Pin 4 should be connected to V¢¢ to avoid false 
resetting. 


Time Delay 
vs Ra, Rg and C 


CAPACITANCE — pF 


10-100 1 10=— 100 1 10 
US US ms oms ms s s 


TIME DELAY 


1/3Vcc and 2/3Vcc. Charge and discharge times, and 
therefore frequency, are independent of supply voltage. 
The free running frequency versus Ra, Rp, and C is shown 
in the graph. 


Free Running Frequency 
vs Ra, Rg and C 


CAPACITANCE — pF 


i‘ iN IN 
0.01 mim 
0.001 NANA 
01 1 10 100 +t 10 100 


Hz Hz Hz Hz kHz kHz kHz 
FREE RUNNING FREQUENCY 
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4151 | Voltage-to-Frequency Converter 
SS ee a Tee eT re — 
GENERAL DESCRIPTION , DESIGN FEATURES 

The RC4151 and RM4151 provide a simple low-cost method Single Supply Operation (+8V to +22V) 

of A/D conversion. They have all the inherent advantages of Pulse Output Compatible With All Logic Forms 

the voltage-to-frequency conversion technique. The output of - . | : 
RC4151/RM4151 is a series of pulses of constant duration. Programmable Scale Factor (K) 
The frequency of the pulses is proportional to the applied 
input voltage. These converters are designed for use in a wide 
range of data conversion and remote sensing applications. 


Linearity +0.05% typical— precision mode | 
Temperature stability +100% ppm/°C typical 
High Noise Rejection 

Inherent Monotonicity 

Easily Transmittable Output 

Simple Full Scale Trim 

Single-Ended Input, Referenced to Ground 


Also Provides Frequency-to-Voltage Conversion 


SCHEMATIC DIAGRAM 


o| 


@ 


Rg 


2) 


@ om Figure 1 


TE (TO-99) METAL CAN NB MINIATURE 
(Top View) DUAL -IN-LINE 
(Top View) 


FUNCTION 


CURRENT SOURCE 
SCALE FACTOR 
LOGIC OUTPUT 
GROUND 
ONE-SHOT R, C 
THRESHOLD 
INPUT VOLTAGE 


Vec 


eavanaun-| 


Order Part Nos.: RC4151T, RM4151T Order Part Nos.: RC4151NB, RV4151NB 
NOTE: PIN 4 CONNECTED TO CASE 
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Voltage-to-Frequency Converter 4151 


- ABSOLUTE MAXIMUM RATINGS 


Supply Voltages : Storage Temperature Range 

Output Sink Current RM4151 ~65°9C to +150°C 
Internal Power Dissipation RV4151 ~55°9C to +1250C 
Input Voltage . ~0.2V to+Vcc RC4151 ~550C to +1250C 


Output Short Circuit to Ground Continuous 
—55°9C to +1250C 


—40°C to +85°9C 
09°C to +70°C 


ELECTRICAL CHARACTERISTICS (vcc =+15v, Ta = +259C, unless otherwise specified) 


Supply Current gv < Voc < 15V | 20 | 35 | 60 | mA 


Circuit Figure 3, Vj = 10V kHz/V 
Rs = 14.0k 


Circuit Figure 3, Vj = 1.0V 0.2 %/V 

8V < Vcc < 18V 
ee 
See Se K._ 58 oA 


ae eet eta steal cae at 
ee aac ce 


rane es 


es a _ ae 


Conversion Accuracy 
Scale Factor 


Drift with Temperature 
Drift with Vcc 


Input Comparator 
Offset Voltage 


Offset Current 
Input Bias Current 


Common Mode Range (Note VP 


One-Shot 
Threshold Voltage, Pin 5 


Input Bias Current, Pin 5 
Reset VSAT 


Current Source 
Output Current (Rs = 14.0kQ2) 


Change with Voltage Pin 7 V= Ovi }Pinl, V=OVtoV=10V V= }Pinl, V=OVtoV=10V 


Logic Output 
Pin 3, |=3.0mA V 


VSAT 
fPin3,1=20mA | S| = to | so] CS 
ee ee ees ec 


Note 1: Input Common Mode Range includes ground. 


Off Leakage 
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4151 


PRINCIPLE OF OPERATION 
Single Supply Mode Voltage-to- Frequency Conversion 


In this application the RC4151/RM4151 functions as a stand- 
alone voltage to frequency converter operating on a single 
positive power supply. Refer to Figure 2, the simplified block 
diagram. The RC/RM4151 contains a voltage comparator, 
a one-shot, and a precision switched current source. The vol- 
tage comparator compares a positive input voltage applied at 
pin 7 to the voltage at pin 6. If the input voltage is higher, the 
comparator will fire the one-shot. The output of the one-shot 
is connected to both the logic output and the precision switched 
current source. During the one-shot period, T, the logic output 
will go low and the current source will turn on with current I. 
At the end of the one-shot period the logic output will go high 
and the current source will shut off. At this time the current 
source has injected an amount of charge Q = IQT into the net- 
work Rp-Cg. If this charge has not increased the voltage VB 
such that Vg > Vj, the comparator again fires the one-shot 
and the current source injects another lump of charge, Q, into 
the Rg-Cp network. This process continues until Vg > Vj. 
When this condition is achieved the current source remains off 
and the voltage Vg decays until Vg is again equal to V;. This 
completes one cycle. The VFC will now run in a steady state 
mode. The current source dumps lumps of charge into the 
capacitor Cg at a rate fast enough to keep Vg = Vj. Since the 
discharge rate of capacitor Cg is proportional to Vg/Rg, the 
frequency at which the system runs will be proportional to the 
input voltage. 


The 4151 VFC is easy to use and apply if you understand the 
operation of it through the block diagram, Figure 2. Many 
users, though, have expressed the desire to understand the 
workings of the internal circuitry. Figure 1 shows the schematic 
of the 4151. The circuit can be divided into five sections: the 
internal biasing network, input comparator, one-shot, voltage 
reference, and the output current source. 


The internal biasing network is composed of Q39-043. The N- 
channel FET O43 supplies the initial current for zener diode 
Q39. The NPN transistor O38 senses the zener voltage to derive 
the current reference for the multiple collector current source 
041. This special PNP transistor provides active pull-up for 
all of the other sections of the 4151. 


+Vec FREQUENCY 
OUTPUT 


ae: 


VEO 


SWITCHED 
CURRENT 
SOURCE | 


+ VL 


vy 
INPUT 


INPUT 
P R 
VOLTAGE COMPARATO 


Figure 2. Simplified Block Diagram, Single Supply Mode 
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Voltage-to-Frequency Converter 


The input comparator section is composed of Q1-Q7. Lateral 
PNP transistors 01-04 form the special ground-sensing input 
which is necessary for VFC operation at low input voltages. 
NPN transistors O5 and QO6 convert the differential signal to 
drive the second gain stage Q7. If the voltage on input pin 7 is 
less than that on threshold pin 6, the comparator will be off 
and the collector of Q7 will be in the high state. As soon as the 
voltage on pin 7 exceeds the voltage on pin 6, the collector of 
Q7 will go low and trigger the one-shot. 


The one-shot is made from a voltage comparator and an R-S 
latch. Transistors 012-Q15 and Q18-Q20 form the compara- 
tor, while O8-Q11 and Q16-Q17 make up the R-S latch. One 
latch output, open-collector reset transistor Q16, is connected 
to a comparator input and to the terminal, pin 5. Timing resis- 
tor Ro is tied externally from pin 5 to +Vcc¢ and timing 
capacitor Co is tied from pin 5 to ground. The other com- 
parator input is tied to a voltage divider R3-R5 which sets the 
comparator threshold voltage at 0.667 Vcc. One-shot opera- 
tion is initiated when the collector of Q7 goes low and sets the 
latch. This causes Q16 to turn off, releasing the voltage at pin 
5 to charge exponentially towards +Vcc through Ro. As soon 
as this voltage reaches 0.667 Vcc, comparator output Q20 
will go high causing Q10 to reset the latch. When the latch is 
reset, 0.16 will discharge CQ to ground. The one-shot has now 
completed its function of creating a pulse of period T = 1.1 
Ro Co at the latch output, Q21. This pulse is buffered through 
Q23 to drive the open-collector logic circuit transistor Q32. 
During the one-shot period the logic output will be in the low 
state. The one-shot output is also used to switch the reference 
voltage by Q22 and Q24. The low T.C. reference voltage is 
derived from the combination of a 5.5V zener diode with resis- 
tor and diode level shift networks. A stable 1.89 volts is 
developed at pin 2, the emitter of Q33. 


Connecting the external current-setting resistor Rs = 14.0Q 
from pin 2 to ground gives 135uA from the collectors of Q33 
and Q34. This current is reflected in the precision current 
mirror Q35-Q37 and produces the output current IQ at pin 1. 
When the R-S latch is reset, Q22 and Q24 will hold the 
reference voltage off, pin 2 will be at OV, and the current will 
be off. During the one-shot period T, the latch will be set, the 
voltage of pin 2 will go to 1.89V, and the output current will 

be switched on. | 
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Voltage-to-Frequency Converter 4151 


TYPICAL APPLICATIONS Cy, , 002 yf 

Single Supply Voltage-to-Frequency Converter ee 
0<Vv, <+10VO 

Figure 3 shows the simplest type of VFC that can be made De en 


with the 4151. Input voltage range is from 0 to +10V, and out- 
put frequency is from 0 to 10kHz. Full scale frequency can be 
tuned by adjusting Rs, the output current set resistor. This cir- 
cuit has the advantage of being simple and low in cost, but it 
suffers from inaccuracy due to a number of error sources. 
Linearity error is typically 1%. A frequency offset will also be 
introduced by the input comparator offset voltage. Also, re- 
sponse time for this circuit is limited by the passive integration 
network Rg Cp. For the component values shown in Figure 3, 
response time for a step change input from 0 to +10V will be 
135msec. For applications which require fast response time 
and high accuracy, use the circuits of Figure 4 and 5. 


OUTPUT FREQUENCY 
O< fo $10k Hz 


Figure 4. Precision Voltage-to-Frequency Converter 


Single Supply 
12 kQ 5kQ 
VOLTAGE Precision Voltage-to-Frequency Converter 
FREQUENCY In this application (Figure 5) the 4151 VFC is used with an 


OUTPUT 


operational amplifier integrator to provide typical linearity 
of 0.05% over the range of 0 to —10V. Offset is adjustable to 
zero. Unlike many VFC designs which lose linearity below 
10mV, this circuit retains linearity over the full range of input 
voltage, all the way to OV. 


DESIGN EQUATIONS Trim the full scale adjust pot at Vj = —10V for an output 
fo SUSY, Where K's" 0.486 oe frequency of 10kHz. The offset adjust pot should be set 
T = 1.1 Rolo for 10Hz with an input voltage of -10mV. 


C; .005 uf 


Figure 3. Single Supply Voltage-to-Frequency Converter 


Precision VFC with Single Supply Voltage 


‘ . : y . ° FULL SCALE TRIM 
For applications which requrie a VFC which will operate from BkY 12K! 


a single positive supply with positive input voltage, the circuit 
of Figure 4 will give greatly improved linearity, frequency off- 
set, and response time. Here, an active integrator using one 
section of the RC3403A quad ground-sensing op-amp Kas re- 
placed the Rg-Cg network in Figure 3. Linearity error for this 


OUTPUT 


circuit is due only to the 4151 current source output conduc- FREQUENCY . 

tance. Frequency offset is due only to the op-amp input offset ps ak 

and can be nulled to zero by adjusting Rp. This technique uses = Cg Ro 
the op-amp bias current to develop the null voltage, so an op- oa eo 


amp with stable bias current, like the RC3403A, is required. Figure 5. Precision Voltage-to-Frequency Converter 
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4151 | Voltage-to-Frequency Converter 


The 4131 operational amplifier integrator improves linearity 
of this circuit over that of Figure 3 by holding the output of 


the source, Pin 1, at a constant OV. Therefore linearity error VOLTAGE 
. eure OUTPUT 
due to the current source output conductance is eliminated. 0 to +10V 


The diode connected around the op-amp prevents the voltage 
at 4151 pin 7 from going below 0. Use a low-leakage diode 
here, since any leakage will degrade the accuracy. This circuit 
can be operated from a single positive supply if an RC3403A 


ground-sensing op-amp is used for the integrator. In this case, f| = 
FREQUENCY .022 uf 


the diode can be left out. Note that even though the circuit 
itself will operate from a single supply, the input voltage is 
necessarily negative. For operation above 10kHz, bypass 4151 
pin 6 with 0.01 yf. 


Comparison of Voltage-to-Frequency 
Applications Circuits 


Table 1 compares the VFC applications circuits for typical DESIGN EQUATIONS: 
linearity, frequency offset, response time for a step input from ~ Vp = 1, K7! Where K = 0.486 opine Het 
0 to 10 volts, sign of input voltage, and whether the circuit T- 1.1 RCo pene 


will operate from a single positive supply or split supplies. 


Table 1 Figure 6. Single Supply Frequency-to-Voltage Converter 


} Figure 3 | Figure ° | Figure 5 | i i i 
<- For increased accuracy and linearity, use an operational amp- 


Linearity 1% lifier integrator as shown in Figure 7, the precision FVC con- 

figuration. Trim the offset to give -10mV out with 10Hz 
Frequency Offset | toHz | 0 | Oo nee trim the full scale adjust fai -10V out with 10kHz in. 
Response Time Input signal conditioning for this circuit is necessary just as 
Input Voltage =a for the single supply mode, and scale factor can be programmed 

by the choice of component values. A tradeoff exists between 
output ripple and response time, through the choice of inte- 
gration capacitor Cj. If Cy = 0.1uf the ripple will be about 
100mV. Response time constant 7R = Rp Cj. For Rp = 
100kQ2 and C; = 0.1uf, 7R = 10msec. 


0. 
ae i ae ee oe 


Frequency-to-Voltage Conversion to H15V 


The 4151 can be used as a frequency-to-voltage converter. 
Figure 6 shows the single-supply FVC configuration. With no 


signal applied, the resistor bias networks tied to pins 6 and 7 ces 
: im 


hold the input comparator in the off state. A negative going fy 

pulse applied to pin 6 (or positive pulse to pin 7) will cause FREQUENCY 
the comparator to fire the one-shot. For proper operation, O<f, < 10 kHz 
pulse width must be less than the period of the one-shot, T = BV p-p 

1.1 Ro Co. For a 5V p-p square-wave input the differentiator ue 


network formed by the input coupling capacitor and the resis- 
tor bias network will provide pulses which correctly trigger the 
one-shot. An external voltage comparator such as the 311 or 
339 can be used to “square-up” sinusoidal input signals before 
they are applied to the 4151. Also, the component values for 
the input signal differentiator and bias network can be altered s VOLTAGE 
to accommodate square waves with different amplitudes and Ouest 
frequencies. The passive integrator network Rp Cp filters the 
current pulses from the pin 1 output. For less output ripple, 


increase the value of Cp. Figure 7. Precision Frequency-to-Voltage Converter 
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Voltage-to-Frequency Converter 


4151 


PRECAUTIONS 


1. The voltage applied to comparator input pins 6 and 7 should 
not be allowed to go below ground by more than 0.3 volt. 


2. Pins 3 and 5 are open-collector outputs. Shorts between 
these pins and +Vcc can cause overheating and eventual 
destruction. 


3. Reference voltage terminal pin 2 is connected to the emitter 
of an NPN transistor and is held at approximately 1.9 
volts. This terminal should be protected from accidental 
shorts to ground or supply voltages. Permanent damage 
may occur if current in pin 2 exceeds 5mA. 


4. Avoid stray coupling between 4151 pins 5 and 7, which 
could cause false triggering. For the circuit of Figure 3, 
bypass pin 7 to ground with at least 0.01uf. If false trig- 
gering is experienced with the precision mode circuits, by- 
pass pin 6 to ground with at least 0.01uf. This is necessary 
for operation above 10kHz. 


PROGRAMMING THE 4151 


The 4151 can be programmed to operate with a full scale fre- 
quency anywhere from 1.0Hz to 100kHz. In the case of the 
VFC configuration, nearly any full scale input voltage from 
1.0V and up can be tolerated if proper scaling is employed. 
Here is how to determine component values for any desired 
full scale frequency. 


1. Set Rg = 14kQ. or use a 12k resistor and 5k pot as shown in 
the figures. (The only exception to this is Figure 5.) 


2. Set T = 1.1 ROCO = 0.78| 2 |wher fo is the desired full 
O 


scale frequency. For optimum performance make 6.8kQ2 
< RO < 680kQ and 0.001yuf < Co < 1.0uf. 


3. a) For the circuit of Figure 3 make Cp = 10-2] [Farad 


Smaller values of Cp will give faster response time, but 
will also increase frequency offset and nonlinearity. 


b 


— 


For the active integrator circuits make 
1 
C,)=5X 10° E Farads. 


The op-amp integrator must have a slew rate of at least 


135 X 107° lai | volts per second where the value of 


Cj is again give in Farads. 


4. a) For the circuits of Figure 3 and 4 keep the values of Rg 
and Rg as shown and use an input attenuator to give the 
desired full scale input voltage. 


b) For the precision mode circuit of Figure 5, set Rp = 
VIO 
100uA 
Alternately the op-amp inverting input (summing node) 
can be used as a current input with full scale input 
current 119 =- 100uA. 


where Vio is the full scale input voltage. 


5. For the FVCs, pick the value of Cp or Cj to give the opti- 
mum tradeoff between response time and output ripple for 
the particular application. 


DESIGN EXAMPLE 


I. Design a precision VFC (from Figure 5) with fo = 
100kHz and Vig = -10V. 


1. Set Ro = 14.0kQ. 
2. T= 0.75 “a = 7.5usec 
Let Ro = 6.8k22 and Cy = 0.001 pf. 
3. C) = 5 X 10° Ee = 500pf. 
Op-amp slew rate must be at least 


1 
135 X 10° saa = 0.27 psec 


TOowA = 100k. 


SR 


4. Rp = 


Il. Design a precision VFC with fo = 1Hz and Vjo = -10V. 
1. Let Ro = 14.0kQQ. 


1 
2. T = 0.75 | = 0.75 sec. 


Let Ro = 680kQ2 and Co = 1.0uf. 
1 
3. C) = 5 X 10° + F = 50uf. 


4. Rp = 100kQ2. 


itl. Design a single supply FVC to operate with a supply 
voltage of 9V and full scale input frequency fo = 83.3Hz. 
The output voltage must reach at least 0.63 of its final 
value in 200msec. Determine the output ripple. — 


1. Set Ro = 14.0kQ. 


1 
2. T=0.75 lass = O9msec 
Let Ro = 82kQ and Co = 0.1pf. 


3. Since this FVC must operate from .8.0V, we shall 
make the full scale output voltage at pin 6 equal to 
5.0V. 


5V 7 


5. Output response time constant is TR < 200msec 


T -3 
R  200X10° _ 
Therefore CaS Rg = EOXK102| = 4uf. 
Worst case ripple voltage is: 
- X135yA 
Vp = en ISOHA = 304mv. 


Aut 
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4151 | _ Voltage-to-Frequency Converter 


IV. Design an opto-isolated VFC with high linearity which VFC configuration for maximum linearity. The RC3403A 


accepts a full scale input voltage of +10V. See Figure 8 quad op-amp provides the functions of inverter, inte 
for the final. design. This circuit uses the precision mode grator, regulator, and LED driver. > 


+Vy 10 k&2 


OO 
100 kQ 


CURRENT or 
VOLTAGE 
INPUT 1.22V 
\/_ REFERENCE 
DIODE 


-15V +15V 


* 
Ve 
RM 15.1k22 
3403A 


* 


——SeS 
5k 12 k2 
p 


SCALE 
= FACTOR 


OPTO-ISOLATOR 
ge RL? 1.6k2 


-15V 


* POLARITY DETERMINED BY DESIRED RELATIONSHIP BETWEEN 
PULSE OUTPUT LEVEL AND LED “ON” STATE. 


Figure 8. Opto-Isolated VFC_ 
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4x 4x 2 Balanced Switching Crosspoint Array 4444 


a ES Se en Ba rN gee a ee 
GENERAL DESCRIPTION DESIGN FEATURES 


The RC4444 is amonolithic dielectrically isolated crosspoint ar- 
ray arranged into a 4x4x2 matrix. The primary applications are 
for balanced switching of 600 ohm transmission lines. The ring 
and tip are selected by selective biasing of the P+ and P- gate. 


Low Bi-Directional Ron 
High Roff 

Excellent Matching of Gates 
Designed to replace reed-relays in telephone switchboards, it 
does not require a constant gate drive to keep the SCR in the 
“on’’ condition. It is several orders faster, with no bouncing, 


and has a much longer operating life than its mechanical 
counterpart. 


Low Capacitance 
High Rate Firing 
Predictable Holding Current 


The 16 SCR pairs with the gating system are packaged in a 24 
pin dual-in-line package. 


The RC4444 is a monolithic pin-for-pin replacement for the 
MC3416 and MCBH7601. 


SCHEMATIC DIAGRAM 


pa 


d 


re 


ye | ye | 


ee. eee 


<a ee 
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_ 
fe eal 
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CONNECTION INFORMATION 


CATHODE 
KT 


P+ COLUMN 
SELECTA # 

P+ COLUMN 
SELECT 8 = 

P+ COLUMN 
SELECT C 


P+ COLUMN 
SELECT D 


CATHODE 
a | | 9 


ROW SELECT 
P- 


14 ] ie SELECT 


Order Part No.: 
i See RC4a44R 
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4444 a Ax 4x2 Balanced Switching Crosspoint Array 


ABSOLUTE MAXIMUM RATINGS 


Operating Voltage (Note 1) Storage Temperature Range .. -65°C to +1 50°C 
Internal Power Dissipation (Note 2) Operating Temperautre Range OCta+70 C 


Operating Current per Crosspoint (Note 2) Lead Temperature (Soldering, 60s) 300°C 


[OFF State Resistance (VaK=10V)SSSSCSC~C~CSC~—~S~S~S*sd Crete | 00 | |_| 


Dynamic ON Resistance lao) ef 
(Center Current = 10mA) 4.0 12 
(Center Current = 20mA) 2.0. 10 
[Holding Current (See Figure1)SSSCSC~C“~‘“‘*‘“‘“‘“‘~‘~*~C*~*~YCSCS +d 8m 
[Enable Gurrent (VpE=15V) SSS | | mA 
Anode-Cathode ON Voltage | wT Pao] Ye 
(IAK = 10mA) 1.0 
(IAK = 20mA) | 1.1 
| naer Snes: Comatons wit Anos Open) || | 
(Under Select Conditions with Anodes Open) . 
[inhibit Voltage (Ve=30V)SOSCSC~C~SC—“—sS*~s—sSsSsSsSsSs | Pd 
—LAnhibit Current (Vp=3.0V) inh | = ft ma 
[OFF State Capacitance VaK=OV)SSSSCSCS~S~S oe | =| 2 | 


Turn-ON Time | | ton | = | 10 | os | 
Minimum Voltage Ramp (Which Could Fire the SCR Under Transient Conditions) | dv/dt | 800 | — | Vius | 


NOTES: 

1. Maximum voitage from anode to cathode. 

2. Package thermal resistance 6 ja _ typically .055°C/mW. Package 
power dissipation limited to IOOmW. 
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4x 4x 2 Balanced Switching Crosspoint Array 4444 
TYPICAL APPLICATIONS. ~—S—C<CSsé‘is=S™S™—™—:S SS SS™*“SC#SC*SC“C‘“*#C#;=;=S;SCsaC=‘ #;}R?CTlrzrvyllee 


HOLDING CURRENT VERSUS ANODE-CATHODE ON VOLTAGE VERSUS 
AMBIENT TEMPERAUTRE CURRENT AND TEMPERATURE 


IH, HOLDING CURRENT (mA) 
Vax. ANODE-CATHODE (VOLTS) 


0 
010 0 10 20 30 40 50 60 70 80 90 0 20 40 60 80 10 12 114 16 18 20 


Ta, AMBIENT TEMPERATURE (°C) Tak, ANODE-CATHODE CURRENT (mA) 


eee ene a gtpeien nar aliaaiae ide OFF-STATE CAPACITANCE VERSUS ANODE 
VOLTAGE (Between Associate Pairs of SCR’s CATHODE VOLTAGE 


VERSUS ANODE-CATHODE CURRENT 
ey eae 2 a 
ct ee 
Bao... ll TT 
to Stat a 
= eh eae | 
‘ee ct CHS att 
TT TT 
HH 
ee ae 
Teo 


0 20 40 60 80 10 12 14 #16 18 20 0.1 1.0 50 100 
Tak, ANODE-CATHODE CURRENT (mA) he ANODE-CATHODE VOLTAGE ae 


VOLTAGE (mv) 


DYNAMIC ON RESISTANCE VERSUS ANODE- DYNAMIC ON RESISTANCE VERSUS 
CATHODE CURRENT AMBIENT TEMPERATURE 


= mz 

a ee 
———EE 
ee es Se ee 


ae 


ron, DYNAMIC RESISTANCE (OHMS) 
ron, DYNAMIC RESISTANCE (OHMS) 


0 
0 20 40 60 80 10 12 14 116 18 20 -10 0 10 20 30 40 50 60 70 80 90 
IaK, ANODE-CATHODE CURRENT (mA) Ta, AMBIENT TEMPERAUTRE (°C) 
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4444 4x 4x 2 Balanced Switching Crosspoint Array 


TYPICAL APPLICATIONS 
_ FEEDTHROUGH VERSUS SIGNAL FREQUENCY CROSSTALK VERSUS SIGNAL FREQUENCY 


FEEDTHROUGH (dB). 


Hl 
Smet atil 
Al 
eer TINE TIT IEE, LT 
PTL | HE TL nt H 


CROSSTALK (dB) 


SIGNAL FREQUENCY (kHz) SIGNAL FREQUENCY (kHz) 


TEST CIRCUIT FOR FEEDTHROUGH VERSUS FREQUENCY 
we 11 


WAVE 
ANALYZER 


Ta = 25°C, Vj = 12dBm, Crosspoints Off 
Feedthrough = 20 Log19 (vo/vj) 


TEST CIRCUIT FOR CROSSTALK VERSUS FREQUENCY 
re 1 ut 


WAVE 
ANALYZER 


Ta = 25°C, Vj = 12dBm, Crosspoints On 
Crosstalk = 20 Log1Q (V92/Vo1) 
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Linear IC Chips" 


101A GENERAL PURPOSE 107 GENERAL PURPOSE 
OPERATIONAL AMPLIFIER OPERATIONAL AMPLIFIER 
Die Size: 55 x 55 mils. Die Size: 55 x 55 mils. 


1. COMP/BAL : 5. BAL I. NC 9. NC 

2, — INPUT 6. OUTPUT 2. — INPUT 6. OUTPUT 
3. + INPUT 7.V' 3. + INPUT 7." 
4.V~ 8. COMP 4.V" 


108 SUPER BETA 112 SUPER BETA 
OPERATIONAL AMPLIFIER OPERATIONAL AMPLIFIER 
Die Size: 63 x 65 mils. Die Size: 63 x 65 mils. 


1. COMP 9. NC 1. BAL 9. COMP 
2. — INPUT 6. OUTPUT 2. — INPUT 6. OUTPUT 
3. + INPUT 7.V' 3. + INPUT 7.V* 


4.V~ 8. COMP 4.V" 8. BAL 
118 HIGH SLEW RATE OPERATIONAL 216 HIGH INPUT IMPEDANCE 
OPERATIONAL AMPLIFIER 


AMPLIFIER 
Die Size: 59 x 74 mils. Die Size: 63 x 65 mils. 


1.BAL/COMP1 5. BAL/COMP 3 1. BAL 
2, — INPUT - 6, OUTPUT 2. — INPUT 


3. + INPUT 1.Vt 3. + INPUT 


4.\- 8. COMP 2 4.V" 
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Linear IC Chips 


709 GENERAL PURPOSE 725 INSTRUMENTATION 
OPERATIONAL AMPLIFIER OPERATIONAL AMPLIFIER 
Die Size: 55 x 55 mils. Die Size: 46 x 98 mils. 


8 6 
| 


~ 


j 


[| | 
1 2 3 


1. INPUT COMP (A) 5. OUTPUT COMP 1. BAL 5. COMP 
2. —INPUT 6. OUTPUT 2. — INPUT 6. OUTPUT 
3. + INPUT 7.V' 3. + INPUT 7.V' 
4.7 8. INPUT COMP (B) 

741 GENERAL PURPOSE 


OPERATIONAL AMPLIFIER 
Die Size: 55 x 55 mils. 


747 DUAL 741 OPERATIONAL AMPLIFIER 
Die Size: ore 81 mils. 
13 


—w 


_ 1. -INPUT (A) 6.+INPUT (B)  11.NC 
2. +INPUT (A) 7.-INPUT (B) 12. OUTPUT (A) 


1. BAL 


aan a 3. BAL (A) 8.BAL(B) 13. V* (A) 
ae : 4. V- 9. Vt (B) 14. BAL (A) 
4.V 5. BAL (B) 10. OUTPUT (B) 


748 GENERAL PURPOSE 
OPERATIONAL AMPLIFIER 
Die Size: 55 x 55 mils 


1437/1537 (4709) DUAL 709 
OPERATIONAL AMPLIFIERS 
Die Size: 75 x 80 mils. 


1.QUTPUT LAG 2 ~— 6. + INPUT 2 11. INPUT LAG 1 
2. OUTPUT 2 VW 12. OUTPUT 1 
3. INPUT LAG 2 8. + INPUT 1 13. OUTPUT LAG 2 
3. + INPUT 7.V° 4. INPUT LAG 2 9. —INPUT 1 14." 
4.V 8. COMP 5. —INPUT 2 10. INPUT LAG 1 
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1. BAL 9. BAL 
2. — INPUT 6. OUTPUT 


Linear IC Chips 


1556A SUPER BETA OPERATIONAL AMPLIFIER 1458/1558 DUAL 741 OPERATIONAL AMPLIFIER | | 
Die Size: 38 x 61 mils. -. Die Size: 68 x 81 mils. | 


1. BAL 1, OUTPUT (A) _ §, +INPUT (B) 
2. — INPUT 2. -INPUT (A) 6. -INPUT (B) 
3. + INPUT 3. +INPUT (A) 7. OUTPUT (B) 
or 4. V- 8. vt 
AN | ria 
4131 HIGH-GAIN OPERATIONAL AMPLIFIER 4132 MICROPOWER OPERATIONAL AMPLIFIER 


Die Size: 38 x 61 mils. . Die Size: 60 x 70 mils. 


~ | LBAL 
2, — INPUT . | 2. —INPUT 


— 3. INPUT | , 3. + INPUT 


4136 QUAD 741 OPERATIONAL AMPLIFIER _ 4531 HIGH SLEW RATE 
Die Size: 61x99 mils. OPERATIONAL AMPLIFIER 
Die Size: 53 x 63 mils. 


1. —INPUT (A) 6. — INPUT (B) 

2. + INPUT (A) 7.—V 12. OUTPUT (D) 1. BAL 

3. OUTPUT (A) 8. — INPUT (C) 13. + INPUT (D) 2. — INPUT 6. OUTPUT 
4. OUTPUT (B) 9. + INPUT (C) 14. — INPUT (D) 3. + INPUT 7.V* 

5. + INPUT (B) 10. OUTPUT (C) : 4.V" 8. COMP 
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4558 DUAL 741 OPERATIONAL AMPLIFIER 
Die Size: 52 x 61 mils. 


1. OUTPUT (A) 5. +INPUT (B) 
2. -INPUT (A) 6. -INPUT (B) 
3. +INPUT (A) 7. OUTPUT (B) 
4,.V- 8. vt 


702 WIDEBAND AMPLIFIER 
Die Size: 40 x 44 mils. 


1. GROUND 5. LEAD/COMP 
2. — INPUT 6. LAG/COMP 
3. + INPUT 7. OUTPUT 
4." 8. V* 


104 NEGATIVE VOLTAGE REGULATOR 
Die Size: 50x 51 mils. 


1. ADJ 6. CURRENT LIMIT 
2. REF 7. BOOSTER 

3. REF SUPPLY 8. REG OUTPUT 

4, COMP 9. GROUND 

9. UNREG INPUT 


Linear IC Chips 


4739 LOW NOISE DUAL OPERATIONAL AMPLIFIER 


Die Size: 52 x 61 mils. 


-a_ 5 _~ m-8 


1. OUTPUT (A) 6. -INPUT (A) 11. NC 
2.NC 7.V- 12. NC 

3.NC 8. -INPUT (B) 13. B OUTPUT 
4.NC 9, +INPUT (B) 14, Vt 

5. +INPUT (A) 10. NC 


733 VIDEO WIDEBAND AMPLIFIER 
Die Size: 47 x 47 mils. 


3 


1. INPUT 1 6. OUTPUT 2 

2. INPUT 2 7. OUTPUT 1 

3. Gag GAIN SELECT 8. V* 

4. Gis GAIN SELECT 9. G4 GAIN SELECT 
9. V7 10. Gp, GAIN SELECT 


105 POSITIVE VOLTAGE REGULATOR 
Die Size: 40 x 48 mils. 


1. CURRENT LIMIT 5. REFERENCE BYPASS 

2. BOOSTER OUTPUT 6. FEEDBACK 

3. UNREGULATED INPUT 7. COMP SHUTDOWN 

4. GROUND (CASE) 8. REGULATED OUTPUT | 
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| Linear IC Chips 


109 +5 VOLT VOLTAGE REGULATOR 723 PRECISION VOLTAGE REGULATOR | 
Die Size: 53 x 60 mils. 


Die Size: 82 x 88 mils. 


1. CURRENT SENSE 


2. — INPUT 
1. INPUT 3. + INPUT 
2. OUTPUT 4. Veer 
3. GND a 


4194 ADJUSTABLE DUAL TRACKING 4195 +5 VOLT FIXED DUAL TRACKING 
VOLTAGE REGULATOR VOLTAGE REGULATOR 
Die Size: 66 x 96 mils. Die Size: 49 x 74 mils. 


1. COMP + 
2. GND 

3. COMP — 

4, —Vin 

111 PRECISION COMPARATOR 


106 HIGH SPEED COMPARATOR 
Die Size: 49 x 49 mils. Die Size: 52 x 68 mils. 


1. GND 9. STROBE 
2. + INPUT 6. STROBE 
3. — INPUT . 7, QUTPUT 
4.\V- 8. V+ 
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6, BAL/STROBE 
7, OUTPUT 
8. V* 


Linear IC Chips 


710 GENERAL PURPOSE COMPARATOR 711 DUAL 710 COMPARATOR 
Die Size: 39 x 43 mils. Die Size: 46 x 50 mils. 


1.NC 

2. GND ; 1. NC 6. —INPUT, 11.V+ 

3. + INPUT 2. — INPUT, 7.NC 12. GROUND 
4. —|NPUT 3. + INPUT, 8. NC 13. STROBE 1 
0. NC 4.V- 9. STROBE, 14. NC 

6. V7 0. + INPUT, 10. OUTPUT 


1514 DUAL 710 COMPARATOR 1150 DUAL LINE DRIVER 
Die Size: 44x 60 mils. Die Size: 45 x 45 mils. 


6 9 3 2 


ta 


a 


= 
15 
aN 
ts 
l " 


F_ 4 Ff 
—y 
Ar rh j- 
, Wht a ol 
es ae 
he 
| a. | 
9 10 1213 
1. OUTPUT (A) 6. -INPUT (B) 11. GND 6. OUTPUT (B) 11. INPUT (B9) 
2. STROBE (A) 7.V- 12. +INPUT (B) 2 INPUT (A) 12. NC 
3. Vt 8. OUTPUT (B) 13. -INPUT (A) 3. NC : 13. NC 


4.NC 9. STROBE (B) 14. V- 4. INPUT (A4) 9. NC 14. +12V 
5. +INPUT (B) 10. V* 5. OUTPUT (Az) 10. INPUT (B4) 


9621 DUAL LINE DRIVER 1488 QUAD LINE DRIVER 
Die Size: 49 x 53 mils. Die Size: 68 x 68 mils. 


1. OUTPUT (A) 6. INPUT (A) 11. EXTENDER 1.V- 6. OUTPUT (B) 11. OUTPUT (D) 

2.10592 OUTPUT (A) 7.GND 12. 10582 OUTPUT (B): 2. INPUT (A) 7.GND 12. INPUT (D) 
3, INPUT (A) 8. Vcc2 13. OUTPUT (B) 3. OUTPUT (A) 8. OUTPUT (C) 13. INPUT (D) 

4, INPUT (A) 9. INPUT (B) 14. Vec1 4. INPUT (B) 9. INPUT (C) 14. vt 

5. INPUT (A) 10. INPUT (B) 5. INPUT (B) 10. INPUT (C) 
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Linear IC Chips | 


8T13 DUAL LINE DRIVER 
Die Size: 64 x 71 mils. 


1; 5: 9. OUTPUT (B) 14: 
2 A, Vix pt Ao Vin 10. 7 15t Be Vin 
fo! IN 7, OUTPUT (A)11. 16. Voc 


3 
4: 8. GND 12, 7B Vin 
13. 


1160 DUAL LINE RECEIVER 
Die Size: 44 x 45 mils. 


11° (12 


1. NC 6. INPUT (Az) 11. HYS (B) 


2. OUTPUT (A}) 7. GND 
3. STROBE (Ad) 8. -12V 
4. HYS (A) 9. INPUT (B3) 14, +5V 
5. INPUT (A3) 10. INPUT (B9) 


1489/1489A QUAD LINE RECEIVERS 
Die Size: 55 x 66 mils. 


12. STROBE (B) 
13. OUTPUT (B) 


8T23. DUAL LINE DRIVER 
Die Size: 64 x 71 mils. 


1. 5. 9. OUTPUT (B) 14: 
ety pt avin 9 : 15. Be Vin 
3.)°'°'N 7, OUTPUT (A)11. a 16. Veo 
4, 8. GND iV eee 

13. 


9622 DUAL LINE RECEIVER 


Die Size: 55 x 64 mils. 


1. OUTPUT STATES 6. A~ 11. Bt 

2. OUTPUT (A) 12. INPUT (B) 
3. INPUT (A) 13. OUTPUT (B) 
4. At 14. GND 

5. A* 1300 


8T14 TRIPLE LINE RECEIVER 
Die Size: 78 x 78 mils. 


1. INPUT (A) 6. OUTPUT (B) 11. OUTPUT (D) 

2. CONTROL (A) 7. GND 12. CONTROL (D) 

3. OUTPUT (A) 8. OUTPUT (C) 13. INPUT (D) 

4. INPUT (B) 9. CONTROL (C) 14. OUTPUT (D) ; 

5. CONTROL (B) 10. INPUT (C) 8. GND 12. A, 
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Linear IC Chips 


8341 LOW POWER AUDIO AMPLIFIER 


8T24 TRIPLE LINE RECEIVER 
Die Size: 60 x 71 mils. 


Die Size: 78 x 78 mils. 


1. VOL CONTROL 6. AGC LEVEL SELECT 
2. MIC BYPASS 7. AGC CONTROL 

3. +INPUT 8. GAIN SELECT 

4, -INPUT 

5. GND 


19 


Beam Lead Linear IC’s 


Typical Beam Lead Cross Section 
with Interconnections 


ee) 


BEAM (Au) 


ERE 


N LAYER 


Ordering Information 


Beam Lead Linear IC’s may be ordered either as military 
or commercial grade devices: 


RM = -55°C to +125°C operating temperature range, 
B -level visual. 


0°C to +70°C, C-level visual. 


101A GENERAL PURPOSE Order Part Nos:.: 
OPERATIONAL AMPLIFIER RM101ABL, 
Die Size: 58 x 60 mils. ne MOLASL 


Mechanical Outline 16 


ie eae ee 
20:19: 18 17 


ACTIVE SIDE AS BONDED 


1. BAL ; . COMP/BAL 16. +INPUT 
2. NC : .NC 17. NC 

3. OUTPUT . -INPUT 18. NC 
4.NC ; -NC 19.-Vec 
5. NC NC 20. NC 


CROSS SECTION OF BEAM LEAD 


DEVICE WITH INTERCONNECTIONS 


Examples 
RM101ABL 


Military 
Specifications 


Beam Lead 
Device 


Product Type No. 


RC 104BL 


Commercial 
Specifications 


Beam Lead 
Device 


Product Type No. 


104 NEGATIVE VOLTAGE 
REGULATOR 
Die Size: 55 x 55 mils. 


| | | | 
16 15 14 13 12 


ACTIVE SIDE 


1.NC 6. 

2. OUTPUT VOL- 
TAGE ADJUST 

3. REF 

4. REF SUPPLY 

5. COMP 


Order Part Nos.: 
RM104BL, 
RC104BL 


Mechanical Outline 15 
EIA STANDARD 


AS BONDED 
11. NC 
12. CURRENT LIMIT 
13. BOOSTER OUTPUT 
14. REG OUTPUT 
15. GND 
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105 POSITIVE VOLTAGE 
REGULATOR 
Die Size: 53 x 63 mils. 


Order Part Nos.: 
RM105BL, 
RC105BL 


Mechanical Outline 22 
EIA STANDARD 


ACTIVE SIDE 


1.NC 

2.NC 

3. BOOSTER OUTPUT 
4. UNREG INPUT 


11. FEEDBACK 

12. COMP 

13. REG OUTPUT 
14. CURRENT LIMIT 


709 GENERAL PURPOSE 


709A OPERATIONAL AMPLIFIER 
Die Size: 48 x 48 


Order Part Nos.: 
RM709BL, 
RM709ABL, 
RC709BL 


Mechanical Outline 8 


ACTIVE SIDE AS BONDED 

1.NC 5.+INPUT 9. OUTPUT COMP 12. INPUT COMP 
2. NC 6.-Vcc 10. OUTPUT 13. NC 
3.INPUTCOMP 7.NC 11. +Vcc 14. NC 

4. -INPUT 8. NC 


711 DUAL COMPARATOR 
Die Size: 44 x 49 mils. 


Order Part Nos.: 
RM711BL, 
RC711BL 


10 11 12 13 
Mechanical Outline 9 


13121110 
spaepigs 


ACTIVE SIDE 


1.GND 5. -INPUT (A) 
2. NC 6. +INPUT (A) 
3.STROBE1 7.-Vcc 

4.NC . +INPUT (B) 


AS BONDED 


9. -INPUT (B) 13. STROBE 2 
10. NC 14. OUTPUT 
11. NC 15.+Vcc 
12. NC 16. NC 


Beam Lead Linear IC’s 


106 HIGH SPEED COMPARATOR Order Part Nos.: 


Die Size: 45 x 45 mils. 


ACTIVE SIDE 


5. NC 
6. t+INPUT 
7. -INPUT 
8. NC 


710 GENERAL PURPOSE 


COMPARATOR 
Die Size: 41 x 41 mils. 


ACTIVE SIDE 
4, +INPUT 


1741 GENERAL PURPOSE 
OPERATIONAL AMPLIFIER 


Die Size: 55 x 55 mils. 


| | | 

16 15°14 13 

ACTIVE SIDE 
1. BALANCE 
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RM106BL, 
RC106BL 


Mechanical Outline 10 
EIA STANDARD 


AS BONDED 


13. NC 
14, OUTPUT 
15. NC 
16. NC 


--VcCC 

. STROBE 1 
. STROBE 2 
~-NC 


Order Part Nos.: 
RM710BL, 
RM710ABL, 
RC710BL 


Mechanical Outline 5 


Order Part Nos.: 
RM1741BL, 
RC1741BL 


Mechanical Outline 15 
EIA STANDARD 


| 
9 cf] TM741X| P19 


m18 


1213141516 


AS BONDED 


11. BALANCE 16. +INPUT 
12. NC 17. NC 

13. -INPUT 18. NC 

14. NC 19.-Vcc 
15. NC 20. NC 
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Beam Lead Linear IC’s" 


4132 MICRO POWER | Order Part Nos.: 748 OPERATIONAL AMPLIFIER Order Part Nos.: 
OPERATIONAL AMPLIFIER RM4132BL, Die Size: 55 x 55 RM748BL, 
Die Size: 64 x 74 mils. RC4132BL RC748BL 


Mechanical Outline 14 


Mechanical Outline 15 
EIA STANDARD 


11109 8 7 


oo 
WW 12 13 14 


ACTIVE SIDE AS BONDED AS BONDED 

1, NC 5. -INPUT 9. NC 13. vt 11. BAL 16. +INPUT 

2. NC 6. +INPUT 10. NC 14, NC 12. NC 17. NC 

3. NC 7.-Vcc 11. BAL 15. NC 13.-INPUT = 18. NC 

4. BAL 8. NC 12.OUTPUT  16.NC 14. NC 19.-Voc 
15. NC 20. NC 
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0.041 BASIC 
& 
0.00 B08 12 PLACES 


BEAM LEAD 
NITRIDE LIP 


EERIE i ETRE 
LJ} WW Lbs 
0.0025 TYP Eo.001 TYP 
0.051 
0.049 


0.005 is es Bp aon 
r 


12 BEAM CHIP 0.0005 TYP 
RAYTHEON STANDARD 


NOTE 1 METALIZATION DOWN 
2 COUNTER CLOCKWISE BEAM ORDER 


MECHANICAL OUTLINE 5 


0.005 
P™ 16 PLACES 


NITRIDE LIP 0.001 TYP 
\J-—— eam LEAD 


0.0025 TYP 
0.004 


f do03 IOPLACES 
0.010 a : 


0.005 TYP SILICON 
ne? 
0.0005 TYP 
16 BEAM CHIP 
RAYTHEON STANDARD 
NOTE: 1. METALIZATION DOWN 


2. COUNTER CLOCKWISE BEAM ORDER 


MECHANICAL OUTLINE 9 


Mechanical Outline Information 


eee Bsc 
Boos 14 PLACES 


NITRIDE LIP 0.001 TYP 
BEAM LEAD 
0.0025 TYP 


[ -of}e-¢ 0.001 TYP 
] ~ Co 001 TP 


SILICON 


NOTE 1. METALLIZATION DOWN 0.0005 TYP 
2 CLOCKWISE BEAM ORDER 14 BEAM CHIP 
RAYTHEON STANDARD 


MECHANICAL OUTLINE 8 


0.045 BSC—> 


NITRIDE LIP 
0.001 TYP 


| woote ve ele STREET gos 10 
0.055 


0. 


0.005 be eas “ 


NOTE: 1. METALLIZATION DOWN 16 BEAM CHIP BIO TNE 
2. COUNTER-CLOCKWISE BEAM ORDER 


EIA STANDARD 


MECHANICAL OUTLINE 10 
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Mechanical Outline Information 


0.005 16 PLACES 
0.004 
0.004 16 PLACES 
{0.003 
0.0025 TYP 
0.001 TYP 
\-] ©0.001 typ 


BEAM LEAD 


0.005 ier SILICON 
ee 
0.0005 TYP 


16 BEAM CHIP 
RAYTHEON STANDARD 


NOTE: 1.METALIZATION DOWN 
2. CLOCKWISE BEAM ORDER 


MECHANICAL OUTLINE 14 


0.005 
——— P 
a0 20 PLACES 


——— 20 PLACES 


BEAM LEAD 
NITRIDE LIP 0.001 TYP 


0.0025 TYP 


0.0025 TYP colle 0.001 TYP 
0.070 0.001 TYP 
0.005 TYP 0.068 
Sy cere 
0.0005 TYP 


20 BEAM CHIP 


RAYTHEON STANDARD 


NOTE: 1.METALIZATION DOWN 
2. COUNTER CLOCKWISE BEAM ORDER 


MECHANICAL OUTLINE 16 
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NITRIDE LIP 0.001 TYP 


0.005 
pended A 
0004 20 PLACES 


0.003 20 PLACES 


BEAM LEAD 
NITRIDE LIP 0.001 TYP 
0.0025 TYP 


0.0075 TYP 


0.001 TYP 


SILICON 


0.005 TYP 
} 
a 


0.0005 TYP 
_ 20 BEAM CHIP 


EIA STANDARD 


NOTE 1. METALIZATION DOWN 
2. COUNTER CLOCKWISE BEAM ORDER 


MECHANICAL OUTLINE 15 


0.055 BSC 
¢ 
Ooo, 18 PLACES 


Song 18 PLACES 
BEAM LEAD 


y 


of |. 


ey ol 
roe 
0.001 TYP 


0.005 ae 


y 18 BEAM CHIP 
NOTE 1 METALIZATION DOWN EIA STANDARD 


2 COUNTER CLOCKWISE BEAM ORDER’ 


MECHANICAL OUTLINE 22 


SILICON 


0.0005 TYP 


NITRIDE LiP 0.001 TYP 
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Package Information 


DUAL IN-LINE F DUAL IN-LINE 
CERAMIC PACKAGES PLASTIC PACKAGES 


14-Pin DB Package 14-Pin DC Package 16-Pin DD Package 


.755 _ ; 


025, es 
| 015 
: = + 010 | | 
om 508 MIN .125 + .010 
290 034 MAX a MIN 
: .080 + le 018 +.002 .034 MAX 


aie sapsh .002 
-100 TYP 


5 5°TYP 
Thermal Resistance 


6y-A = 0.160C/mW 
6J-C = 0.08°C/mwW 


16-Pin MP Package 


en oO 
| wv .740 
6J-A = 0.169C/mw 
6J-C = 0.08°C/mW 
Therma! Resistance 
6j—A = 0.120°C/mWw 


7 MIN 
7a 6J—C = 0.06°C/mW 
.060 TYP 


+— .018 TYP 


14-Pin D Package 16-Pin M Package 


310 


.135 MAX 


. : 
gee ae a 
.009 NOM Thermal Resistance 45°TYP ‘ .010 


0A = 0.169C/mW 
0j-¢ = 0.089°C/mW 135 MAX 


O50 TYP | 135 


8-Pin DN Package 
g <— .017 TYP | ee ai .100 
TYP TYP 


400 ae 
[~~ 380 380 | + 265 
: a a 300 


a 008 7 — 


Thermal Resistance 
6j-A = 0.128°C/mW 
6 y-c = 0.055°C/mWw 


Thermal Resistance 
Oj—A = 0.128°C/mW 
= re) 
Thermal Resistance 0J-C = 0.055°C/mw 
8J~A = 0.219C/mW 
6 J-c = 0.08°C/mw 
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| Package Information 


METAL CAN PACKAGES 


2-pin LK(TO-3) Package 10-pin TK(TO-66) Package 


+ 0.875 —> 
MAX DIA. 


| 


7 SEATING PLANE 
0.135 MAX 


0.177 R MAX 

BOTH ENDS 
2 MOUNTING HOLES 
0.161 DIA. 
0.151 


0.525 R MAX 


Thermal Resistance 
65-4 = 35°C/W 
6j-c = 3°C/W 


3-pin TH(TO-5) Package 10-pin TF(TO-100) Package 


370 
335 
DIA 
<— 335 


-_ 


0.335 


0.305 me 


0.040 MAX 


0.019 __" 
UUTY DIA. 
0.016 - 

3 LEADS 


Thermal Resistance 

6j-A= 0.15°C/mW 

6 5-¢ = 0.015°C/mw 
Thermal Resistance 
6J~A = 0.150°C/mw 
6 j-¢ = 0.0459C/mW 
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+—1,252 MAX 


Thermal Resistance 
65 A = 41.6°C/W 
0j-¢ = 7.15°C/W 


8-pin TE(TO-99) Package 


370 DIA 
.335 


335 DIA 
305 


Thermal Resistance 
6j-A = 0,0159C/mW 
Aj-C = 0.0459C/mw 
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Package Information 


FLAT PACKAGES 
10-pin Q(TO-91) Package 


<+— 050 TYP . 
019 


14-pin J(TO-86) Package 


———+||<— —+| |=— .050 TYP 


014 


14131211109 8 


112345 6)7 


.260 
.240 


———— 


.065 MAX 


ee 


a MAX 


Thermal Resistance 
6 jy_p = 0.179C/mwW 
6 j-¢ = 0.06°C/mWw 


16-pin L Package 


020+] ges 


oa | 
h——— 


14 050 TYP 


cn .275 
.245 
.960 MAX 


| 


Thermal Resistance 
6j—A = 0.15°C/mW 
0 y-c = 0.05°C/mWw 


10-pin G Package 


7B} 


150 tea 
oa ~—— .188 —» 
MAX MAX 
+—_—— 880 MAX ————> 


.006 
.00035 


.050 MAX 


| Thermal Resistance 


0y—A = 0.15°C/mwW 
6j-c = 0.05°C/mw 
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OP AMPS 


Average Input Offset Current t° Coefficient—Change in input 
offset current divided by change in ambient temperature pro- 
ducing it. 


Average Input Offset Voltage t° Coefficient—Change in input 
offset voltage divided by change in ambient temperature pro- 
ducing it. 


Common-Mode Input Resistance—Resistance looking into 
both inputs tied together. 


Common-Mode Rejection Ratio (CMRR)—Ratio of change of 
input offset voltage to input common-mode voltage change 
producing it. 


Full Power Bandwidth—Maximum frequency at which full 
sinewave output might be obtained. 


Input Bias Current—Average of the two input currents at zero 
output voltage. In some cases, input current for either input 
independently. 


Input Capacitance—Capacitance looking into either input ter- 
minal with other grounded. 


Input Current—Current into an input terminal. 


Input Noise Voltage—Square root of mean square narrow-band 
noise voltage referred to input. 


Input Offset Current—Difference in currents into two input 
terminals with output at zero volts. 


Input Offset Voltage—Voltage which must be applied between 
input terminals to obtain zero output voltage. Input offset 
voltage may also be defined for case where two equal resis- 
tances are inserted in series with input leads. 


Input Resistance—Resistance looking into either input termin- 
al with other grounded. 


Input Voltage Range—Range of voltages on input terminals 
for which amplifier operates within specifications. In some 
cases, input offset specifications apply over input voltage 
range. 


Large-Signal Voltage Gain—Ratio of maximum output voltage 
swing to change in input voltage required to drive output to 
this voltage. 


Output Resistance—Resistance seen looking into output ter- 
minal with output at null. This parameter is defined only 
under small signal conditions at frequencies above a few 
hundred cycles to eliminate influence of drift and thermal 
feedback. 


Settling Time—Time between initiation of input step function 
and time when output voltage has settled to within specified 
error band of final output voltage. 


Output Short-Circuit Current—Maximum output current avail- 
able from amplifier with output shorted to ground or to either 
supply. 

Output Voltage Swing—Peak output swing, referred to zero, 
that can be obtained. 


Power Consumption—DC power required to operate amplifier 
with output at zero and with no load current. 


Glossary of Terms 


Power Supply Rejection Ratio—Ratio of change in input offset 
voltage to change in supply voltages producing it. 


Rise Time—Time required for an output voltage step to change 
from 10% to 90% of its final value. 


Slew Rate—Maximum rate of change of output voltage under 
large signal condition. 


Supply Current—Current required from power supply to oper- 
ate amplifier with no load and output at zero. 
Temperature Stability Of Voltage Gain—Maximum variation of 
voltage gain over specified temperature range. 


Harmonic Distortion—Percentage of harmonic distortion being 
defined as 100 times ratio of RMS sum of harmonics to funda- 
mental. 


% harmonic distortion = 
, 
(Vo2 +92 +Vg2+...)4 
Vj 


(100%) 


where V; is RMS amplitude of fundamental and V9, V3, Va, 
are RMS amplitudes of individual harmonics. 


Transient Response—Closed-loop step-function response of 
amplifier under small-signal conditions. 


Unity Gain Bandwidth—Frequency range from DC to frequency 
where amplifier open-loop gain rolls off to one. 


Voltage Gain—Ratio of output voltage to input voltage under 
stated conditions for source resistance (Rs) and load resis- 
tance (Ri). 


Bandwidth—Frequency at which voltage gain is reduced to 
1/./2 times the low frequency value. 


Output Impedance—Ratio of output voltage to output current 
under stated conditions for source resistance (Rs) and load 
resistance (R__). 


Input Impedance—Ratio of input voltage to input current 
under stated conditions for source resistance (Rs) and load 
resistance (R_ ). 


REGULATORS 


Dropout Voltage—Input-output voltage differential at which 
circuit ceases to regulate against further reductions in input 
voltage. 


Input-Output Voltage Differential—Range of voltage differ- 
ence between supply voltage and regulated output voltage 
over which regulator will operate. 


Line Regulator—Percentage change in output voltage for a 
specified change in input voltage. 


Load Regulator—Percentage change in output voltage for 
specified change in load current. 


Maximum Power Dissipation—Maximum total device dissipa- 
tion for which regulator will operate within specifications. 


Output Noise Voltage—RMS output noise vonage with con- - 
stant load and no input ripple. 


PRAYTHEON RAYTHEON COMPANY + SEMICONDUCTOR DIVISION + 350 ELLIS STREET » MOUNTAIN VIEW, CALIFORNIA 


8-5 


Glossary of Terms 


Output Voltage Range—Range of output voltage over which 
regulator will operate, — 


Quiescent Current—Part of input current to regulator that is 
not delivered to load. 


Reference Voltage—Output of reference amplifier measured 
with respect to negative supply. 


Ripple Rejection—Ratio of peak-to-peak input ripple voltage 
to peak-to-peak output ripple voltage. 


Sense Voltage—Voltage between current sense and current 
limit terminals necessary to cause current limiting. 


Short-Circuit Current Limit—Output current of regulator with 
output shorted to negative supply. 


Standby Current Drain—Supply current drawn by regulator 
with no output load and no reference voltage load. 


Temperature Stability—Percentage change in output voltage 
for thermal variation from room temperature to either tem- 
perature extreme. 


Long Term Stability—Output voltage stability under accelerated 
life-test conditions at 125°C with maximum rated voltages and 
power dissipation for 1000 hours. 


Output Voltage Scale Factor—Output voltage obtained for 
unit value of resistance between adjustment terminal and 
ground, 


Input Voltage Range—Range of DC input voltages over which 
regulator will operate within specifications. 


Current-Limit Sense Voltage—Voltage across current limit 
terminals required to cause regulator to current-limit with 
short-circuited output. This voltage is used to determine value 
of external current-limit resistor when external booster trans- 
istors are used. 


COMPARATORS/SENSE AMPLIFIERS 


Common-Mode Firing Voltage—CM input voltage that exceeds 
dynamic range of inputs with strobe enabled resulting in out- 
put switching states. 


Common-Mode Recovery Time—Time from turn off of CM sig- 
nal to analog input threshold of earliest sense line pulse signal 
that can be processed normally. Processed normally refers to 
bi-polar signals greater than or less than input threshold with 
corresponding proper output. 


Equivalent Input Common-Mode Noise Voltage—Change in 
input offset voltage due to common-mode input noise. 


Logic Input High Voltage—Minimum voltage allowed at bit 
contro} gate to hold bit off. 


Logic Input Low Voltage—Maximum voltage allowed at bit 
control gate to hold bit on. 


Output Sink Current—Maximum negative current that can be 
delivered by comparator. 
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Peak Output Current—Maximum current that may flow into 
output load without causing damage to comparator. 


Propagation Delay—Interval between application of an input 
voltage step and its arrival at either output, measured at 50% 
of final value. 


Response Time—Interval between application of input step 
function and time when output crosses logic threshold voltage. 
Input step drives comparator from some initial, saturated in- 
put voltage to input level just barely in excess of that required 
to bring output from saturation to logic threshold voltage 
overdrive. | : 


Strobe Current—Maximum current drawn by strobe terminals 
when it is at zero logic level. 


Strobe Delay—Time delay measured from strobe to output 
threshold with signal present exceeding input threshold. 


Strobe Release Time—Time required for output to rise to 
logic threshold voltage after strobe terminal has been driven 
from zero to one‘logic level. Appropriate input conditions are 
assumed. 


Strobed Output Level—DC output voltage, independent of 
input voltage, with voltage on strobe terminal equal to or less 
than minimum specified amount. 


Switching Speed—Time required to turn on least significant 
bit. 

Threshold Uncertainty—With all sense amps sharing same input 
threshold less uncertainty as ‘0.’ This includes unit to unit, 
power supply and temperature variations. 


Threshold Voltage—Typical referred to input voltage which 
determines whether input is ‘1’ or ‘0.’ Signal whose magni- 
tude is greater than threshold level is sensed as logic ‘’1’’ and 
signal whose magnitude is less as ‘’0.”’ 


Zero Scale Output Current—Output current for all bits turned 
off. 


Supply Current—Current required from positive or negative 
supply to operate comparator with no output load. Power will 
vary with input voltage, but is specified as maximum for entire 
range of input voltage conditions. 


Voltage Gain—Ratio of change in output voltage to change in 
voltage between input terminals producing it. 


Differential Input Offset Current—Absolute difference in two 
input bias currents of one differential input. 


Differential Input Overload Recovery Time—Time necessary 
for device to recover from 2V differential pulse (t¢ = t, = 20ns) 
prior to strobe enable signal. 


Offset Voltage—Difference between absolute values of thres- 
hold voltage in positive- and negative-going directions. 

Input Bias Current—Average of two input currents. 

Input Offset Current—Absolute value of difference between 


two input currents for which output will be driven higher or 
lower than specified voltages. 
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Input Offset Voltage—Absolute value of voltage between input 
terminals required to make output voltage greater or less than 
specified voltages. 


Input Voltage Range—Range of voltage on input terminals 
(common-mode) over which offset specifications apply. 


Positive Output Level—High output voltage level with given 
load and input drive equal to or greater than specified value. 


Power Consumption—Power required to operate comparator 
with no output load. Power will vary with signal level, but is 
specified as maximum for entire range of input signal condi- 
tions. 


Output Leakage Current—Current into output terminal with 
output voltage within given range and input drive equal to or 
greater than given value. 


Output Resistance—Resistance seen looking into output ter- 
minal with DC output level at logic threshold voltage. 


Glossary of Terms 


Strobed Output Level—DC output voltage, independent of 
input conditions, with voltage on strobe terminal equal to or 
less than specified low state. 


Strobe ON Voltage—Maximum voltage on either strobe ter- 
minal required to force output to specified high state inde- 
pendent of input voltage. 


Differential Input Threshold Voltage—DC input voltage which 
forces logic output to logic threshold voltage (~ 1.5V) level. 


Input Bias Current—DC current which flows into each input 
pin with differential input of OV. 


Negative Output Level—Negative DC output voltage with com- 
parator saturated by differential input equal to or greater than 
specified voltage. 


Strobe OFF Voltage—Minimum voltage on strobe terminal 
that will guarantee that it does not interfere with operation | 
of comparator. 
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NOTES 


DISTRIBUTORS, U.S.A. & CANADA | 


- MISSOURI 


ARIZONA 


Cramer/Arizona 

2643 East University 
Phoenix, AZ 85034 
(602) 267-7321 

Kierulff Electronics 
2633 East Buckeye Road 
Phoenix, AZ 85034 
(602) 273-7331 


ARKANSAS 


Carlton Bates 

1 Electronic Park 

4420 Wheeler Avenue 
Fort Smith, AR 72901 
(501) 646 -8201 
(800) 362-9009 — Toll Free 
CALIFORNIA 

Bell Electronics 

1161 N. Fair Oaks Avenue 
Sunnyvale, CA 94086 
(408) 734-8570 
Cramer/Los Angeles 
17201 Daimier Street 
irvine, CA 92705 

(213) 771-8300 

(714) 979-3000 


Cramer/San Diego 
8975 Complex Drive 
San Diego, CA 92123 
(714) 565-1881 
Cramer/San Francisco 
720 Palomar 
Sunnyvale, CA 94086 
(408) 739-3011 
Intermark Electronics 
1020 Stewart Drive 
Sunnyvale, CA 94086 
(408) 738-1111 
Intermark Electronics 
7354 Convoy Court 
San Diego, CA 92111 
(714) 279-5200 
Intermark Electronics 
2920 W. Warner Avenue 
Santa Ana, CA 92704 
(714) 540-1322 
(213) 436-5275 
Kierulff Electronics 
2585 Commerce Way 
Los Angeles, CA 90022 
(213) 685-5511 
Kierulff Electronics 
8798 Balboa Avenue 
San Diego, CA 92123 
_ (714) 278-2112 
_ Kierulff Electronics 
_ 3969 E. Bayshore Road 
Palo Alto, CA 94303 
~ (415) 968-6292 
Semicomp Corp. 
4029 Westerly Place 
Newport Beach, CA 92660 
(714) 833-3070 
(213) 581-7201 
Semicomp Corp. 
8046 Engineer Road 
San Diego, CA 92111 
(714) 560-0373 
Semicomp Corp. 
1031 East Duane Avenue 
Sunnyvale, CA 94086 
(408) 736-2330 
COLORADO 
Century Electronics 
8155 West 48th Avenue 
Wheatridge, CO 80033 
(303) 424-1985 
Cramer/Denver 
5465 East Evans Place 
Denver, CO 80222 
(303) 758-2100 


CONNECTICUT 


Cramer/Connecticut 

35 Dodge Avenue 
North Haven, CT 06473 
(203) 239 -5641 
FLORIDA 


Cramer/Hollywood 

4035 North 29th Avenue 
Hollywood, FL 33020 
(305) 923-8181 
Cramer/Orlando 

345 North Graham Avenue 
Orlando, FL 32814 

(305) 894-1511 


FLORIDA (Cont.) 
Diplomat/Southland 
1771 N. Hercules Avenue 
Clearwater, FL 33515 
(813) 443 -4514 


GEORGIA 


Cramer/Atlanta 

3923 Oakcliff Industrial Center 
Atlanta, GA 30340 

(404) 448-9050 


ILLINOIS 


Cramer/Chicago 
1911 South Busse Road 
Mt. Prospect, IL 60056 
(312) 593 -8230 


Diplomat/Lakeland 

2451 Brickvale Drive 

Elk Grove Village, }L. 60007 
(312) 595-1000 


Hall -Mark Electronics 

180 Crossen Avenue 

Elk Grove Village, |1L. 60007 
(312) 437-8800 


INDIANA 


Graham Electronics Supply Inc. 
133 South Pennsylvania Avenue 
Indianapolis, 1N 46204 

(317) 635-5453 


KANSAS 


Hall-Mark Electronics 
9006 Rosehill Road 
Lexana, KS 66215 
(913) 888-4747 


MARYLAND 


Cramer/Baltimore 

7255 Standard Drive 
Hanover, MD 21076 
(301) 796-5790 
Cramer/Washington 
16021 Industrial Drive 
Gaithersburg, MD 20760 
(301) 948-0110 

Pioneer Washington Electronics 
9100 Gaither Road 
Gaithersburg, MD 20760 
(301) 948-0710 


Radio Electric Service Co. 
1026 Cromwell Bridge Road 
Baltimore, MD 21204 

(301) 823-0070 

Technico, Inc. 

9130 J-Red Branch Road 
Columbia, MD 21045 

(301) 461-2200 


MASSACHUSETTS 
Cramer Electronics 

85 Wells Avenue 
Newton, MA 02159 
(617) 964-4000 

Future Electronics 

225 Worcester Road 
Framingham, MA 01701 
(617) 879-0860 

(800) 225-0380 — Toll Free 
Kierulff Electronics 

13 Fortune Drive 
Billerica, MA 01821 
(617) 667-8331 


MICHIGAN 


Diplomat/Northland 
32708 West 8 Mile Road 
Farmington, MI 48024 
(313) 477-3200 


MINNESOTA 


Cramer/Minnesota 

7275 Brush Lake Road 
Edina, MN 55435 

(612) 835-7811 
Diplomat/Electro Com 
3816 Chandler Drive 
Minneapolis, MN 55421 
(612) 788-8601 

Hall -Mark Electronics 
9201 Penn Avenue South 
Suite #10 

Minneapolis, MN 55431 
(612) 884-9056 

Stark Electronic Supply Co. 
112 3rd Avenue North 
Minneapolis, MN 55401 
(612) 332-1325 


Diplomat/St. Louis 
2725 Mercantile Drive 
St. Louis, MO 63144 
(314) 645-8550 

Hall -Mark Electronics 
13789 Rider Trail 
Earth City, MO 63045 
(314) 291-5350: 


“NEW JERSEY 


Arrow/Angus 

Pleasant Valley Avenue 
Moorestown, NJ 08057 
(609) 235-1900 
Components Plus 

310 Railroad Avenue 
Hankensack, NJ 07601 
(201) 487 -0565 


Cramer/New Jersey 
One Barrett Avenue 
Moonachie, NJ 07074 
(201) 935-5600 
Cramer/Pennsylvania 
12 Springdale Road 
Cherry Hill, NJ 08034 
(609) 424 -5993 


NEW MEXICO 

Century Electronics 

121 Elizabeth N.E. 
Albuquerque, NM 87108 
(505) 292-2700 
Cramer/New Mexico 

137 Vermont N.E. 
Albuquerque, NM 87103 
(505) 265-5767 

Kierulff Electronics 
2524 Baylor Drive, S.E. 
Albuquerque, NM 87103 
(505) 247-1055 


NEW YORK 


ACI Electronics Corp. 
28 South Mal! ; 
Plainview, NY 11803 


(516) 293-6630 


Components Plus 
40 Oser Avenue 
Hauppauge, L.I., NY 11787 
(516) 231-9200 
Cramer/Long Island 
29 Oser Avenue 
Hauppauge, L.I., NY 11787 
(516) 231 -5600 
Cramer/Syracuse 
6716 Joy Road 
East Syracuse, NY 13057 
(315) 437-6671 
Cramer/Rochester 
3000 Winton Road 
Rochester, NY 14623 
(716) 275-0300 
Diplomat Electronics Corp. 
303 Crossways Park Drive 
Woodbury, NY 11797 
(516) 921-9373 
Lafayette Industrial Electronics 
1327 Second Avenue 
New Hyde Park, L.I., NY 11040 
(516) 488 -6600 
Rome Electronics 
216 Erie Boulevard East 
Rome, NY 13440 
(315) 337-5400 
Semiconductor Concepts 
145 Oser Avenue 
Hauppauge, L.I., NY 11787 
(516) 273-1234 
Zeus Components, Inc. 
175 Clearbrook Road 
Elmsford, NY 10523 
(914) 592-4120 


NORTH CAROLINA 


Cramer/Winston-Salem 
938 Burke Street 
Winston-Salem, NC 27102 
(919) 725-8711 


OHIO 


Cramer/Cleveland 
5835 Harper Road 
Cleveland, OH 44139 
(216) 248-8400 


OHIO (Cont.) 

Diplomat/Ohio 

2452 Stanley Avenue 

Dayton, OH 45404 

(513) 228-1080 
Reptron/Ohio Electronics, Inc. 
715 Harmon Plaza 

Columbus, OH 43223 

(614) 443-0231 


OKLAHOMA 
Component Specialties 
7920 East 40th Street 
Tulsa, OK 74145 
(918) 664-2820 


PENNSYLVANIA 


Leff Radio Parts 

225 Braddock Avenue 
Braddock, PA 15104 
(412) 271-7100 


TEXAS 


Component Specialties 

8330 Burnet Road, Suite 101 
Austin, TX 78758 

(512) 459-3307 
Components Specialties 
10907 Shady Trail 

Dallas, TX 75220 

(214) 357-4576 

Component Specialties 

7315 Ashcroft Street, Suite 113 
Houston, TX 77036 

(713) 771-7137 


Cramer/Texas 

13740 Midway Road 

Dallas, TX 75240 

(214) 661-9300 

(800) 492-6940 — Toll Free 


UTAH 

Cramer/Utah 

391 West 2500 South 
Salt Lake City, UT 84115 
(801) 487-4131 


Diplomat/Altaland 

2280 South Main Street 
Salt Lake City, UT 84115 
(801) 486-7227 


WASHINGTON 


Bel! Electronics 

1900 132nd N.E. 
Bellevue, WA 98005 
(206) 747-1515 
Cramer/Seattle 

5602 6th Avenue, South 
Seattle, WA 98108 

(206) 762-5755 


Intermark Electronics 
6301 Sixth Avenue, South 
Seattle, WA 98108 

(206) 767-3160 


WISCONSIN 


Hall -Mark Electronics 
237 South Curtis Road 
West Allis, WI 53214 
(414) 476-1270 


CANADA 


Cramer/Canada 

920 Alness Street, Unit 9 
Downsview, Ontario 

(416) 661 -9222 

Future Electronics 

5647 Ferrier Street 
Montreal, Quebec H4P 2K5 
(514) 735-5775 

Future Electronics 

44 Fasken Drive, Unit #24 
Rexdale, Ontario 
MOW-1K5 

(416) 677-7820 


PAAR Industrial Electronics, Ltd. 


4531 Manitoba Road, S.E. 
Calgary T2G 4B9, Alberta 


(403) 287-2840 


Preico Electronics Ltd. 

480 Port Royal Street W. 
Montreal 357, Quebec 

(514) 389-8051 

Wackid Radio & Television Labs 
312 Parkdale Avenue 

Ottawa, Ontario 

(613) 728-1821 


OEM SALES OFFICES 


NEW JERSEY/EASTERN PENN. 
5090 Central Highway 
Pennsauken, NJ 08109 

(609) 663-4066 


MASSACHUSETTS 


155 Middlesex Turnpike 
Burlington, MA 01803 
(617) 272-8500 

TWX: 710-332-1869 


FLORIDA 

351 NW 40th Avenue 

Fort Lauderdale, FL 33317 
(305) 792-8400 


CALIFORNIA 

350 Ellis Street 

Mountain View, CA 94042 
(415) 969-3475 

TWX: 910-379-6481 
NEW YORK 

275 Broadhollow Road 
Melville, L.1., NY 11746 
(516) 420-0700 


ILLINOIS 

3158 Des Plaines Avenue 
Des Plaines, |L 60018 
(312) 297-5540 

TWX: 910-233-2780 


MINNESOTA 

888 West County Rd. D. 
New Brighton, MI 55112 
(612) 636-7696 

TWX: 910-576-3404 


2212 Dupont Drive 
Irvine, CA 92664 
(714) 833-9042 
TWX: 910-595-1936 


OEM SALES OFFICES—FOREIGN 


ALL OTHER OVERSEAS AREAS 
CONTACT: 

Raytheon Company 

International Affairs 

350 Ellis Street 


GERMANY 

Raytheon HALBLEITER GmbH 
Thalkirchenerstrasse 74 

8000 Munchen 2 West Germany 
Telephone: 089/539693 


SWITZERLAND 
Transistor AG - Raytheon 
Hohlstrasse 610/612 

CH -8048 Zurich 
Telephone: 01 625611 


JAPAN 

New Japan Radio Co., Ltd. 
5th Mori Bidg., No. 25 
Nishikubo -Sakuragawa-Cho 


Shiba Minato-KU, Tokyo, Japan 
Telephone: (591) 3451 
TWX: 781-0222-6154 


TWX: 841-528-242 


Mountain View, CA 94042 
(415) 968-9211 
TWX: 910-379-6481 


REPRESENTATIVES, U.S.A. & CANADA 


ALABAMA 

(See Georgia) 

ARIZONA 

Semper Fi Sales Company 
13452 North Hayden Road 
Scottsdale, AZ 85260 
(602) 991-9197 
CALIFORNIA 

Mission Marketing 

1080 East Duane Avenue, Suite E 
Sunnyvale, CA 94086 
(408) 732-9611 

Relcom 

10469 Marquesas Way, Suite 303 
Marina Del Rey, CA 90291 
(213) 822-1187 

TWX: 910-343-6459 
COLORADO 

Barnhill Five, Inc. 

7100 Broadway 

Building 3-I 

Watervieit Business Park 
Denver, CO 80221 

(303) 426-0222 

FLORIDA 

Perrott Associates 

511 Rosery Road, N.E. 
Largo, FL 33540 

(813) 585-3327 

Perrott Associates 

1607 Forsyth Road 
Orlando, FL 32807 

(305) 275-1132 

Perrott Associates 

P.O. Box 15067 

Fort Lauderdale, FL 33318 
(305) 792-2211 

TWX: 510-955 -9831 
GEORGIA 

Macro Marketing Associates 
3320 Holcomb Bridge Road 
Norcross, GA 30071 

(404) 449-7440 

ILLINOIS (Northern) 
Carlson Electronic Sales 
7448 North Harlem Avenue 
Chicago, IL 60648 

(312) 774-9022 

(312) 774-4812 


ILLINOIS (Southern) 
(See St. Louis, Missouri) 


INDIANA 
(See Chicago, IIlinois) 


1OWA 
(See Chicago, Illinois) 


KANASAS 

Electri-Rep 

P.O. Box 4805 

Overland Park, KA 66204 
(913) 649-2168 


KENTUCKY 
(See Dayton, Ohio) 


MASSACHUSETTS 


Circuit Sales Company 
One Militia Drive 
Lexington, MA 02173 
(617) 861 -0567 
TWX: 710-326-6307 


MICHIGAN 

Miltimore Sales, Inc. 
23995 Freeway Park Drive 
Farmington, MI 48024 
(313) 476-2446 


MINNESOTA 

Electronic Sales Agency 
8053 Bloomington Freeway 
Bloomington, MN 55420— 
(612) 884-8291 


MISSOURI 

Kebco 

11722 Studt Lane 
St. Louis, MO 63141 
(314) 569 -2660 


NEBRASKA 
(See Overland Park, Kansas) 


NEW YORK 

Precision Sales 

223 Taft Road 

North Syracuse, NY 13212 
(315) 458-2223 

Precision Sales 

4180 Abbott Road 

Orchard Park, NY 14127 
(716) 648-5450 


Precision Sales 

29 Page Street 

Owego, NY 13827 

(607) 687-2893 

NEW YORK METRO AREA 
R.O.M.E., Inc. 

2295 Coventry 

Baldwin, NY 11510 

(516) 623 -3344 


NORTH CAROLINA 
(See Georgia) 


OHIO 

J. C. Hofstetter Cc. 
3300 South Dixie Drive 
Dayton, OH 45439 
(513) 296-1010 

J. C. Hofstetter Co. 
5168 Valley View Drive 
Medina, OH 44256 
(216) 241 -4880 


OREGON 

(Contact OEM Sales Office 
Mountain View, California) 
PENNSYLVANIA 
(Contact OEM Sales Office 
Pennsauken, New Jersey) 
SOUTH CAROLINA 

(See Georgia) 


TENNESSEE 
(See Georgia) 


TEXAS 

Kruvand Associates 

10300 North Central Expressway 
Dallas, TX 75231 

(214) 691 -4592 

TWX: 910-861 -9016 


Kruvand Associates 

112 Meyerland Plaza, Suite 27 
Houston, TX 77035 

(713) 661 -3007 

UTAH 

(See Denver, Colorado) 
WASHINGTON 


(See OEM Sales Office 
Mountain View, California) 


WISCONSIN 

Carlson Electronic Sales 
Northbrook Executive Center 
Suite 209 

10701 West North Avenue 
Milwaukee, WI 53226 

(414) 476-2790 


CANADA 


Cantec Representatives, Inc. 
41 Cleopatra Drive 

Ottawa, Ontario K2G OB6 
(613) 225-0363 

TWX: 610-562-8967 


Cantec Representatives, Inc. 
624 Elliot Crescent 

Milton, Ontario LOT 3G4 
(416) 475-4455 


Cantec Representatives, Inc. 
15432 Oakwood Street 
Pierrefonds, P.O. H9H 1Y2 
(514) 620-3121 
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